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Passive  solar  heating  systems  can  supply  a  major  portion  of  a  house's 
I  heating  load  if  properly  designed.  The  four  basic  concepts  used  are  direct  gain, 
thermal  storage  in  wall  or  roof,  solar  greenhouse  and  convective  loop.  In  most 
applications  some  of  these  concepts  will  be  combined  to  give  better  overall 
performance.  Technical  advances  will  make  passive  solar  system  function  even 
better.  How  far  the  technology  advances  to,  will  depend  on  how  well  passive 
solar  systems  become  accepted.  To  further  the  use  of  solar  energy  an  integrated 
approach  will  need  to  be  taken.  One  which  will  combine  the  best  of  active  and 
passive  systems  to  produce  a  system  that  supplies  100%  of  the  house's  heating 
load. 
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PREFACE 

Passive  solar  heating  systems  can  supply  a  major  portion  of 
a  house's  heating  load  if  properly  designed.  The  four  basic  concepts 
used  are  direct  gain,  thermal  storage  in  wall  or  roof,  solar 
greenhouse  and  convective  loop.  In  most  applications  some  of  these 
concepts  will  be  combined  to  give  better  overall  performance.  Technical 
advances  will  make  passive  solar  system  function  even  better.  How 
far  the  technology  advances  to,  will  depend  on  how  well  passive  solar 
systems  become  accepted.  To  further  the  use  of  solar  energy  an 
integrated  approach  will  need  to  be  taken.  One  which  will  combine  the 
best  of  active  and  passive  systems  to  produce  a  system  that  supplies 
100%  of  the  house's  heating  load. 
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INTRODUCTION 


Passive  solar  heating  is  defined  as  using  solar  energy  to  heat  a 
building,  without  the  use  of  non  renewable  energy.  The  heating  is 
basically  done  by  letting  the  sun’s  radiation  into  a  building's  interior, 
to  be  stored  in  some  kind  of  thermal  mass  or  to  heat  up  the  air  space. 

Using  the  sun  for  heating  and  cooling  goes  back  to  "the  ancient  Greeks, 
who  enunicated  the  basic  principle  of  passive  heating:  face  south, 
where  the  sun  spends  the  winter;  keep  the  winter  winds  away  by  embankments 
or  vegatating;  shade  against  the  summer  sun;  let  cooling  be  done  by 
evaporation  water;  work  with,  rather  than  against,  nature.  5A  This 
project  will  only  cover  passive  heating,  but  most  passive  systems 
can  do  some  cooling.  The  four  basic  concepts  are  direct  gain,  thermal 
storage  in  a  wall  or  roof,  solar  greenhouse  and  convective  loop. 

The  direct  gain  concept  allows  the  solar  radiation  through  south 
facing  windows  or  clerestroies  to  be  stored  in  the  walls  or  floor  of 
the  house.  Thermal  storage  in  a  wall  or  roof  allows  the  solar  radiation 
to  come  through  south  facing  glazing  and  then  directly  onto  thermal 
storage,  with  no  direct  solar  radiation  entering  the  living  space. 

Masonry  material  or  water  are  normally  the  thermal  storage  mediums. 

The  solar  greenhouse  concept  uses  the  solar  radiation  captured  by  a 
south  facing  greenhouse  for  heating.  Convective  loop  is  similar  to 
flat  plate  air  solar  collector,  except  the  air  is  circulated  by  the 
thermosiphon  process  instead  of  .y  a  fan.  Many  houses  use  a  combination 
of  the  above  concepts  to  make  up  their  passive  solar  heating  system. 

These  concepts  will  be  covered  in  detail  later. 

A  house  that  uses  a  passive  solar  system  for  heating  will  have  to 
be  sealed  as  well  as  possible  to  reduce  the/ infiltration  heating  load. 

In  this  time  of  dwindling  energy  resources  any  house  should  be  sealed 
to  insure  the  minimum  heating  load.  Generally  the  economics  of  passive 
solar  systems  will  not  be  addressed  in  the  project,  because  it  is 
difficult  to  assess  the  cost  of  the  system.  The  economics  analysis 
that  has  been  done  has  shown  that  passive  solar  heating  is  economically 
attractive. 

How  the  sun's  path  across  the  sky  changes  with  the  seasons,  aides 
the  operation  of  passive  solar  heating  systems.  During  the  winter 
months  the  sun  is  low  in  the  sky,  which  is  good  for  the  collection  of 
solar  radiation  on  a  vertical  surface.  During  the  summer  months  the 
sun  is  high  in  the  sky,  which  will  help  prevent  the  collection  of  solar 
radiation,  on  a  vertical  surface.  Thus  the  sun's  position  in  the  sky 
directly  enhances  passive  solar  systems  operation,  by  allowing  good 
collection  during  the  winter  months  and  poor  collection  during  the  summer 
months.  The  farther  north  a  house  is  located  the  lower  in  the  sky  the 
sun  will  be,  which  will  improve  the  collection  of  available  solar 
radiation  on  a  vertical  surface.  For  a  house  to  have  an  effective 
passive  solar  system  it  will  have  to  have  a  wall  that  is  within  20 
degrees  east  or  west  of  south,  which  has  no  obstacles  in  the  path  of 
the  solar  radiation  to  the  wall  area.  The  house  shape  that  will  provide 
the  optimum  collection  of  solar  radiation  is  a  form  elongated  along  the 
east-west  direction. 

Exhibits  1 ,  and  2 ,  will  give  some  idea  of  how  well  passive  solar 
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The  percentage  of  possible  ^ 

sunshine  is  the  percentage  of  time 
during  the  average  year  that  the  sun  is 
bright  enough  to  cast  a  shadow  across  a 
surface,  divided  by  the  number  of  hours  the 
sun  is  above  the  horizon. 

ANNUAL  MEAN  PERCENTAGE  OF  POSSIBLE  SUNSHINE 
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Climate's  potential  for  solar 
heating  during  heating  season:  Excellent  sunshine  is  combined  with  high 
heat  demand  in  area  1,  moderate  heat  demand  in  area  2,  and  low  heat 
demand  in  area  3.  Good  sunshine  with  high  heat  demand  in  area  4, 
moderate  heat  demand  in  area  5,  and  low  heat  demand  in  area  6.  Fair 
sunshine  is  taken  from  TRW,  Phase  0  Study,  "Solar  Heating  and  Cooling 
of  Buildings,"  Nationl  Science  Foundation,  1974 

EXHIBIT  2 


systems  will  perform  in  different  parts  of  the  country. 3  These 
maps  show  that  passive  solar  systems  could  be  used  throughout  the 
United  States,  with  the  worst  performance  in  area  seven  of 
exhibit  2. 

An  important  factor  to  consider  when  designing  a  passive  solar 
system  is  the  microclimate  of  the  area  the  house  is  located.  Often 
the  weather  patterns  surrounding  one  house  will  be  different  from  a 
neighbors  house.  These  factors  may  be  natural  wind  breaks,  large 
bodies  of  water,  mountains,  valleys,  open  plains,  landscaping  and  or 
proximity  to  surrounding  buildings.  Whatever  the  microclimate  is  it 
should  be  considered  when  designing  a  system.  Another  thing  to  consider 
is  the  benefit  gained  from  broad  leaf  trees.  These  trees  will  be  bare 
during  the  winter  months,  thus  allowing  solar  radiation  through,  and 
full  of  leaves  during  the  summer  months  providing  shade  to  keep  the 
house  from  overheating.  The  biggest  problem  with  passive  solar  systems 
is  the  temperature  fluctuations.  For  a  passive  system  to  work  ther^ 
has  to  be  changes  in  temperature,  but  if  the  system  is  improperly 
designed  the  temperature  changes  can  be  too  great.  Initially,  the  lack 
of  adequate  design  parameters  resulted  in  some  poorly  designed  systems, 
which  had  large  temperature  fluctuations,  and  has  given  passive  solar 
systems  a  bad  name.  The  expericene  gained  from  the  initial  design 
attempts  has  produced  better  design  procedures,  but  the  procedures  are 
still  too  complicated  for  general  use  to  be  adopted. 

The  problem  of  overheating  has  resulted  in  the  use  of  fans  to 
transport  the  excess  heat  to  a  separate  storage  medium.  The  use  of  a 
fan  in  passive  systems  has  created  a  conflict  among  designers.  The 
purest  position  is  that  the  use  of  an  electric  fan  makes  the  system  an 
active  one.  Others  try  to  put  a  coefficient  of  performance  (50)  limit 
on  when  a  system  is  passive  or  active.  As  far  as  this  project  is 
concerned,  as  long  as  the  basic  system  falls  within  one  of  the  passive 
concepts,  then  it  is  a  passive  system.  If  a  fan  can  increase  the 
system1 s  performance  then  it  is  the  logical  thing  to  do.  The  systems 
with  a  fan  will  be  referred  to  as  hybrid  passive  solar  systems. 

People  who  have  lived  in  houses  with  passive  solar  systems,  that 
operate  correctly,  have  liked  the  interior  environmental  conditions. 
Passive  systems  do  take  some  time  to  learn  how  to  operate,  to  get  the 
most  comfort,  but  once  the  system  is  learned  the  interior  areas  can 
be  kept  comfortable.  A  factor  to  consider  with  systems  that  use 
radiant  heat,  is  the  interior  air  temperature  can  be  lower  than 
conventional  systems  and  still  be  comfortable.  The  reason  for  this  is 
the  radiant  heat  from  the  wall  or  floor  can  be  felt  as  warmth.  Also 
to  be  considered  with  a  passive  system  is  that  there  is  no  noise  from 
mechanical  equipment. 
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Thu  uirect  gain  passive  solar  system  is  the  simplest  approach  when 
using  solar  energy.  The  system  simply  allows  the  solar  energy  to  enter 
through  south  facing  windows  and  be  absorbed  in  the  mass  of  the  house. 

The  reason  this  system  works  is  solor  energy  (short  wave  raidation)  will 
pass  through  the  glass,  with  very  little  loss  in  energy,  and  be  absorbed 
by  Che  mass  of  the  house,  which  will  then  emit  long  wave  radiation  that 
will  not  pass  easily  through  the  windows.  The  windows  will  be  a  large 
source  of  heat  loss  due  to  the  inside-outside  temperature  difference  and 
the  window  heat  transfer  coefficient  (U) .  A  method  used  to  overcome  this 
heat  loss  is  to  use  movtble  insulation,  to  be  covered  later,  to  cover 
the  windows  when  there  is  no  solar  energy  available,  mostly  at  night. 

A  direct  gain  system  will  need  an  overhang  to  prevent  the  summer  sun, 
which  comes  from  large  angles  from  the  horizontal,  from  coming  into 
the  house.  5B 

The  problems  with  direct  gain  systems  are  large  temperature  swings, 
expensive  thermal  storage  mass,  strong  directional  daylighting,  glare, 
and  ultraviolet  degradation  of  fabrics.  There  will  also  be  temperature 
swings  of  15  to  22  degree  fahrenheit  during  the  winter  months,  which 
can  be  unacceptable  to  seme  families.  These  large  temperature  swings 
are  also  an  indication  that  the  system  is  not  working  very  well.  The 
movable  insulation  can  help  the  situation,  but  there  is  still  the 
overheating  which  is  energy  that  could  be  stored  at  a  lower  temperature, 
and  thus  last  longer  and  be  available  when  there  is  no  solar  energy.  5B 

The  best  and  most  economical  place  to  put  the  thermal  mass  is  the 
floor,  but  a  masonry ‘floor  that  can't  be  covered  by  rugs,  furniture 
and  other  things  normally  used  in  a  living  space  would  be  unacceptable 
to  most  families.  The  area  generally  used  is  the  walls,  which  is  more 
expensive  to  install.  There  is  also  the  problem  of  getting  sufficient 
area  that  is  directly  in  the  sun's  rays.  Thus  the  walls  will  require 
extensive  and  expensive  mass.  The  roof  can  be  used  for  thermal  storage, 
which  would  be  very  effective  because  heat  raises.  The  obvious  draw 
back  is  the  expense  of  using  heavy  thermal  mass  on  the  roof.  With  the 
use  of  a  phase  change  material  the  excessive  weight  could  be  somewhat 
eliminated.  The  following  exhibit  3,  shows  the  basics  of  direct  gain 
passive  solar  heating. 

HOUSE  AT  CROOKED  CREEK  (SEVERE  CLIMATE) 

A  house  constructed  in  Dubois,  Wyoming,  which  has  a  10  month  heating 
season  and  is  very  cold,  was  designed  to  use  passive  solar  energy.  The 
house  was  designed  as  a  long  structure  with  three  large  clerestories 
facing  south.  The  clerestories  allowed  the  direct  radiation  to  enter  the 
rooms  above  eye  level,  thus  reducing  glare  and  filling  the  space  with 
reflected  light.  The  house  is  very  well  insulated  and  includes  an  air¬ 
lock  entry.  Reinforced  concrete  block  forms  most  of  the  house, and  along 
with  an  8"  concrete  floor  slab  make  up  the  thermal  storage  of  the  house. 
The  insulation  in  the  wood  walls  and  roof  is  R-22,  in  the  block  walls 
(urea-fonnaldahyde  foam  sprayed  in  wall  cavity)  is  R-30,  and  a  4"  styro¬ 
foam  board  at  the  slab  edge  (R-18)  is  used.  All  the  glass  is  thermopane. 
Roofing  is  corrugated  metal.  5C 
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The  collection  of  solar  energy  is  by  the  clerestories  which  had 
to  be  sized  to  insure  sufficient  energy  could  be  collected.  The  glass 
area  calculations  were  based  on  a  minimun  exposure  to  a  15  degree 
angle  of  incidence  (December  21  average,  45  degree  north  latitude). 

After  heat  loss  calculations,  the  window  calculations  resulted  in  100 
square  feet  for  each  living  area  and  85  square  feet  for  each  bedroom. 

Total  insolation  was  calculated  to  be  2,300  BTU  per  square  foot  per 
day,  of  which  2,000  BTU  per  square  foot  per  day  (December  21)  is  direct 
radiation,  plus  15%  for  clear  day  reflected  radiation,  and  also  some 
diffuse  radiation.  Transmission  of  radiation  through  thermopane  glass 
is  75%,  which  gives  a  total  radiation  entering  the  house  of  1,725 
BTU/  sq.  ft. /day.  The  windows  were  inset  12"  to  try  and  maintain 
a  cushion  of  still  air  in  front  of  the  windows  and  thus  minimize 
daytime  heat  loss.  5C 

The  storage  of  energy  is  in  the  walls  and  floor.  Direct  radiation 
strikes  the  plastered  block  walls  (sand  finish  to  help  insure  diffuse 
reflection)  and  reflects  the  radiation  to  the  floors.  25  to  30%  of  the 
direct  radiation  will  be  absorbed  by  the  walls  as  determined  by  the 
thermal  admittance  and  acceptance  of  the  masonry  masses.  The  acceptance 
and  admittance  formulas  are  by  Mazria:  Solar  Energy  Workshop  Workbook, 
December  5,  1975.  The  masonry  wall  can  admit,  or  store,  45-50  BTU/sq.ft./ 
hr.  of  the  approximate  total  heat  exposure  of  200  BTU/sq.  ft. /hr. 
before  overheating  at  the  surface.  Which  is  why  the  light  color  for  the 
wall  surface  was  selected  to  allow  only  25  to  30%  of  the  radiation 
Striking  to  be  absorbed.  The  black  slate  finished  floor  accepts  90  to 
95%  of  the  radiation  striking  it.  This  process  of  calculating  and 
balancing  color  allows  the  maximun  storage  of  energy,  by  minimizing 
surface  overheating.  This  helps  to  insure  energy  for  nighttime  heating 
The  mass  in  the  building  is  calculated  to  store  one  days  heat  within 
a  10  degree  fahrenheit  temperature  swing  (65  -  75°F) .  The  amount  of 
mass  was  determined  from  the  thermal  capacity  of  the  walls  and  floor. 

All  calculation  assumed  R-8  Technifoam  shutters  over  the  south  clerestories 
at  night.  5C 

The  actual  performance  data  was  collected  without  the  shutters. 

During  clear  days  the  temperature  fluctuated  about  15  degrees  (60  -  75) 
with  outside  temperature  ranging  from  10  to  25°F  daytime  and  -10,  -0°F 
at  night.  There  was  a  need  for  approximately  2  hours  of  nighttime 
heating  with  a  "Franklin"  woodstove.  The  house  used  one  half  cord  of 
white  pine  from  August  to  the  end  of  November.  There  was  only  a 
maximun  5  degree  temperature  difference  between  the  floor  and  the  peak 
of  interior  spaces,  because  the  mass  radiates  very  slowly  and  gradually, 
causing  the  heat  to  migrate  slowly.  The  house  was  monitored  for  a  four 
day  period  of  continuous  snow.  During  this  time  outside  temperatures 
ranges  from  -10°F  to  -35°F,  while  the  house  never  fell  below  50*^ 
without  any  auxiliary  heating.  The  reason  this  temperature  can  be 
maintained  is  there  is  enough  diffuse  radiation  reflected  into  the  house 
to  maintain  this  temperature.  This  also  shows  what  can  be  accomplished 
with  a  well  insulated  house.  5C 

When  the  walls  and  floor  are  warmer  than  the  air  space,  as  it  is 
with  a  direct  gain  house,  the  house  is  comfortable  at  65°F  as  compared 
to  75°F  in  a  conventional  house.  Also  around  sundown  when  the  house 
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changes  from  direct  solar  radiation  heat  to  thermal  energy  (from 

the  walls)  the  house  will  experience  a  chilly  period  of  about  30  minutes. 

Once  the  walls  begin  to  radiate,  the  house  feels  warm  again.  5C 

HOUSE  IN  CENTRAL  CALIFORNIA  (MILD  CLIMATE) 

A  passive  solar  house  that  is  located  in  a  mild  climate  (central 
California)  has  been  designed  to  give  essentially  1002  passive  solar 
heating  and  cooling.  Only  the  heating  will  be  addressed  in  this  project. 
The  location  has  589  degree  F  days  of  heating  with  a  relatively 
dependable  sunshine  and  large  dirunal  swings  (28  degrees  in  winter  and 
32  degrees  in  summer) .  The  house  was  built  with  materials  and  construction 
techniques  standard  to  the  area,  and  has  1,500  square  feet  of  living 
area.  This  requires  only  400  square  feet  of  south  facing  glass  and 
2,000  square  feet  of  thermal  mass  (mostly  2"  thick),  which  will  allow 
the  system  to  operate  24  hours  a  day.  The  temperature  swing  predicted 
for  this  house  is  22  degrees  F  (64°F  to  SA^F) .  This  does  not  take 
into  account  movable  insulation  on  all  south  facing  windows,  which 
would  improve  the  performance.  5G 

The  thermal  storage  is  based  on  diurnal  storage,  which  is  optimal 
at  about  2".  The  floor  is  a  A"  slab  on  grade,  on  concrete  block  wall 
capping,  laid  on  a  wood  decking,  filled  with  grout  and  sealed  with  wax, 
to  give  a  light  colored  semi-ref lected  finished,  so  that  the  insolation 
will  be  spread  over  all  the  high  mass  surfaces.  The  thermal  mass  on 
the  walls  are  2"  plaster  where  the  sun  strikes  the  walls  from  one  side 
and  A"  plaster  where  the  sun  strikes  the  surface  from  both  sides.  5G 

Collection  of  solar  energy  is  accomplished  as  shown  in  exhibit  A. 

This  design  shows  that  with  the  proper  climate  conditions  a  house  can 
be  heated  and  cooled  almost  1002  by  passive  solar  energy,  and  be  built 
using  materials  and  construction  techiques  standard  to  the  area, 
keeping  costs  down.  An  example  of  how  costs  compared  to  a  conventional 
house,  is  the  cost  of  the  high  mass  wall  which  was  70q  per  square  foot, 
as  compared  to  63c  per  square  foot  for  a  typical  1/2"  gypsum  wall 
with  2  X  A"  studs.  There  is  no  actual  performance  data  available.  5G 

RETROFIT  NEW  MEXICO  ADOBE 

The  retrofitting  of  a  direct  gain  system  to  a  house  will  usually 
take  considerable  remodeling  if  the  system  is  going  to  be  effective 
in  using  solar  energy.  The  house  will  also  have  to  have  a  large  amount 
of  south  facing  wall.  To  install  the  needed  south  facing  windows  and 
storage  mass  in  the  house  will  probably  require  structural  changes, 
which  would  be  very  expensive.  Where  retrofitting  can  be  effective  is 
if  the  house  already  needs  extensive  remodeling,  and  is  situated  such 
that  there  will  be  sufficient  south  facing  wall  area.  An  example  of 
this  type  of  remodeling  is  an  adobe  house  in  Alcalde,  New  Mexico. 

This  house  needed  extensive  repairs.  The  owner  decided  to  convert  to 
solar  energy  (direct  gain)  with  the  remodeling.  The  house  was  ideally 
suited  in  that  it  was  made  of  adobe,  giving  it  mass,  and  had  sufficient 
south  facing  wall.  The  solar  retrofitting  with  remodeling  cost 
$15,000,  as  compared  to  $14,000  that  a  contractor  estimated  for  just 
the  needed  repairs.  The  estimated  total  heat  loss,  with  a  15  degree  F 
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average  24  hour  temperature,  is  135,000  BTU/day.  The  estimated  solar 
gain  through  the  180  square  feet  of  window  is  180,000  BTU/day.  The 
180, 000 /day  is  based  on  1,000  BTU/sq.  ft. /day,  which  is  a  clear  day 
value.  The  south  windows  have  reflectors  which  will  increase  the 
energy  gained  (30*1  by  Steve  Baer's  rule  of  thumb),  and  should  make 
the  house  very  close  to  100*1  passive  solar  heated,  considering  the 
area  of  New  Mexico.  5K 


THERMAL  STORAGE  IN  A  WALL  OR  ROOF 


TROMBE  WALL 

The  Trombe  Wall,  named  for  Dr.  Felix  Trombe  one  of  it's  developers, 
is  a  passive  system  that  uses  thermal  storage  on  the  south  wall  of 
the  house.  The  exterior  of  the  wall  is  painted  a  dark  heat  absorbing 
color,  to  insure  as  much  energy  is  absorbed  as  possible.  There  will 
be  either  one  or  two  layers  of  glazing  mounted  several  inches  from  the 
wall.  If  it  is  desired  to  have  both  daytime  and  nighttime  heating  the 
wall  will  have  to  have  vents  at  both  the  top  and  the  bottom  of  the  wall. 
These  vents  will  have  to  have  dampers  to  prevent  the  reverse  flow  of 
heat  through  the  vent  and  out  the  windows  at  night.  Exhibit  5  shows 
basically  what  a  Trombe  Wall  is  and  how  it  works. 

As  exhibit  5  indicates  solar  radiation  (short  wave)  passes 
througli  the  glass  and  is  absorbed  in  the  wall.  The  thermal  energy, 
in  the  wall  being  at  a  low  temperature,  producing  long  wave  radiation, 
will  not  pass  easily  through  the  glass,  thus  capturing  the  solar  energy 
in  the  house.  Exhibits  5  and  6  also  show  that  the  daytime  heating 
is  done  by  a  natural  convective  loop,  and  nighttime  heating  is  done 
by  radiation  from  the  thermal  storage  wall.  5B 

In  the  Trombe  Wall,  the  selection  of  how  much  and  what  kind,  of 
material  to  use  for  the  wall  is  critical.  Normally  masonry  is  used  for 
the  material,  but  with  the  development  of  phase  change  materials 
(to  be  covered  later)  there  may  be  a  switch  to  this  less  space  consuming 
material.  Temperature  swings,  as  experienced  with  direct  gain  systems, 
can  be  reduced,  due  to  the  smoothing  achieved  as  the  temperature  wave 
diffuses  through  the  wall.  There  is  also  a  time  delay  between  when 
the  solar  energy  is  absorbed  and  when  the  energy  enters  the  house. 
Usually  this  time  delay  Is  from  6  to  12  hours,  wnich  gives  the  maximum 
heating  when  most  needed,  at  nighttime.  Exhibits  7  and  8  show  the 
smoothing  er"'ect  and  the  time  delay  of  th  Trombe  Wall.  5B 

The  results  in  exhibit  7  are  more  extreme  than  would  be  observed 
in  a  house,  since  test  rooms  have  a  large  ratio  of  collector  area  to 
load  (d.3  sq.  ft.  of  collector  per  BTU/hr.  °F),  and  consequently  the 
inside  temperature  averages  about  30  degrees  F  above  the  outside 
temperature  on  sunny  midwinter  days.  5B 

The  thickness  of  the  wall  can  be  some  what  flexible  because  of 
the  time  delay.  The  thickness  that  gives  the  maximum  annual  energy 
yield  to  the  building  is  12  inches.  With  a  12"  wall  there  will  be  too 
much  of  a  temperature  swing,  which  results  in  uncomfortable  periods 
when  there  is  3n  extended  cloudy  period.  The  usual  design  uses  a 
16"  wall,  which  will  give  more  storage  and  less  of  a  temperature  swing. 
The  exhibit  7  lists  the  characterist ics  of  a  solid  concrete  wall 
during  sunny  days  with  double  glazing.  5B 

The  Trombe  Wall  can  be  used  a  number  of  ways  as  a  passive  solar 
system.  The  Trombe  Wall  can  be  used  by  itself,  but  will  need  the  vents 
for  daytime  heating.  The  Trombe  Wall  can  be  combined  with  an  attached 
greenhouse,  still  using  che  vents.  The  Trombe  Wall  can  also  be  used 
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THERMAL 

THERMAL 

INSIDE 

TIME 

OF 

STORAGE 

STORAGE 

DAILY 

INSIDE 

MASS 

BTU/ 

SURFACE  AREA/ 
GLAZING  AREA 

TEMP . 0 F 
SWING 

TEMP 

PEAK 

DIRECT  GAIN 

37 

2.8 

38 

3:00 

P.M. 

16"  TROMBE  WALL 

32 

0.84 

26 

o 

o 

<r 

P.M. 

(WITH  VENTS) 

16"  TROMBE  WALL 

32 

0.84 

9 

10:00 

P.M. 

(NO  VENTS) 

WATER  WALL 

35 

1.01 

25 

4:00 

P.M. 

THICKNESS 

INSIDE  SURFACE 

TIME  DELAY 

INCHES 

TEMPERATURE 

SWING 

OF  PEAK  ON 
THE  INSIDE 

8 

40eF 

6.8  hrs. 

12 

20°F 

9.3  hrs. 

16 

10°F 

11.9  hrs. 

20 

5*F 

14.5  hrs. 

24 

2  Op 

17. 1  hrs. 

EXHIBIT  7 
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EXHIBIT  8 


TEMPERATURES  MEASURED  IN  A  TWO-STORY  THERMAL  STORAGE  WALL.  THE  WALL 
IS  MADE  OF  12"  HOLLOW  CONCRETE  BLOCK  FILLED  WITH  MORTAR.  THE  WALL  IS 
DOUBLE-GLAZED  AND  HAS  NO  VENTS 
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just  as  a  nighttime  heating  device,  no  vents,  and  some  other  form  of 
heating  during  the  day.  How  the  Trombe  Wall  is  used  will  be  up  to  the 
designer. 

The  problems  with  the  Trombe  Wall  is  the  high  cost  of  construction, 
it  takes  up  valuable  space  within  the  house,  and  it  may  not  have  a 
pleasing  appearance  to  some  people.  The  problem  of  loss  of  heat  at 
night,  through  the  windows,  can  be  reduced  by  using  movable  insulation 
between  the  wall  and  the  glazing.  Any  overheating  that  takes  place, 
can  be  resolved,  but  with  proper  design  shouldn't  happen. 

DOUG  KELBAUGH  HOUSE 

The  Doug  Kelbaugh  house  uses  the  Trombe  Wall  with  vents  as  its 
passive  solar  heating  system.  The  Trombe  Wall  is  constructed  of  15 
inches  of  concrete^ which  has  been  painted  with  3M  Nexel  (special 
black  coating)  over  masonry  conditioner.  There  is  double  glazing  in 
fronc  of  the  wall,  giving  a  total  of  600  square  feet  of  collection 
area,  plus  the  attached  greenhouse.  The  vents  are  located  at  the  top 
and  bottom  of  each  floor  level.  After  the  first  winters  occupancy  it 
was  discovered  that  dampers  were  needed  to  stop  the  reverse  thermo- 
siphoning.  The  dampers  were  made  so  that  they  would  operate  passively, 
and  are  made  from  a  light  cloth  over  a  screen  that  would  only  allow 
flow  in  one  direction.  The  house  also  has  an  attached  greenhouse, 
which  will  be  discussed  at  a  later  time.  Since  the  house  is  two  stories 
there  was  a  problem  with  the  upper  story  always  being  hotter  than  the 
lower  story.  This  was  resolved  by  closing  off  the  lower  from  the 
upper  level.  Exhibit  9  is  a  schematic  of  the  house's  heating  system. 

The  house  has  2,100  square  feet  of  floor  area  and  a  volume  of  19,000 
cubic  feet.  The  heat  loss  for  the  house  is  about  65,000  BTU/hour  at 
0°F.  The  backup  heating  is  a  gas  fired  hot  air  furnace  that  can 
deliver  58,000  BTU/hour.  There  are  also  three  250  watt  heaters  in  the 
bathroom  to  provide  instantaneous  heat.  The  additional  cost  estimated 
to  be  attributable  to  the  solar  heating  and  cooling  system  is  $8,000.00 
to  $10,000.00.  This  cost  for  a  solar  system  may  seem  high,  but  the 
following  exhibit  10,  shows  why  it  is  worth  the  extra  money.  5DD 

The  house  had  a  temperature  swing  of  5  to  10^F  over  a  24  hour  period. 
Daytime  temperature  setting  was  between  60  and  64CF  and  the  nighttime 
setting  was  58°F.  These  settings  were  acceptable  because  the  radiant 
heat  from  the  wall  allows  lower  room  temperatures  to  be  comfortable. 

The  estimated  downstairs  average  was  about  63PF  while  for  upstairs  it 
was  67 '’F.  5DD 

Since  this  system  obtains  a  high  percentage  of  total  heating  from 
solar  it  makes  the  high  cost  acceptable.  When  maintenance  costs, 
reliability  and  convenience  are  also  considered  the  system  is  even  more 
and  more  appealing.. 

The  Trombe  Wall  concept  can  be  used  with  no  vents  directly  into 
the  living  space,  but  with  a  rock  bed  storage  system  in  which  the  air 
between  the  Trombe  Wall  and  glazing  is  passed  through.  The  Bruce  Hunn 
house  is  an  example  of  this  kind  of  system,  but  since  it  is  considered 
a  hybrid  system  it  will  be  covered  later. 
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EXHIBIT  9 


1976  -  1977  Winter  Performance 
Heat  Loss;  5,556  Degree  Day;  Design  Temperature 
(65°F  Inside,  0°F  Outside) 
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RETROFITS 


WICKEL  HOUSE 

Retrofitting  a  Trorabe  Wall  on  an  existing  house  is  not  too  costly 
if  the  house  already  has  a  south  facing  masonry  wall.  The  system  will 
probably  not  be  as  effective  as  a  new  construction  system,  but  it 
should  reduce  the  heating  bill.  Two  houses  that  were  retrofitted  with 
Trombe  Walls  are  the  Wickel  House  in  New  Jersey,  and  the  Upper  Black. 

Eddy  House  in  Pennsylvania.  The  Wickel  House  is  a  converted  vacation 
lodge  with  over  7,000  square  feet  of  living  space,  with  three  stories. 

One  gable  end  is  exposed  to  5  degrees  west  of  true  south.  Since  the 
house  was  originally  designed  as  a  lodge,  it  was  possible  to  limit 
the  heating  load  for  the  solar  system  to  2,200  square  feet  of  living 
space  in  five  separate  zones.  The  total  heating  load  for  this  portion 
of  the  house  was  estimated  to  be  205  million  3TU  per  heating  season. 

The  south  end  of  the  basement  and  first  floor  (432  sq.  ft.  )  was 
constructed  of  hollow  core  cement  blocks,  which  was  ideal  for  retrofitting 
a  Trombe  Wall.  5D 

The  first  step  in  constructing  a  Trombe  Wall  was  the  preparation 
of  the  surface  of  the  wall.  The  surface  already  had  a  rough  coat 
plaster  job,  which  was  nice  for  solar  absorbance  and  creation  of  air 
turbulance  for  efficient  heat  transfer.  The  wall  was  blackened  with 
a  thin  slurry  of  mortar  mix,  with  black  masonry  pigment  added.  The 
air  space  for  the  Trombe  Wall  was  formed  with  2  X  4' s, giving  a  three 
inch  air  space.  The  perimeter  was  then  caulked  inside  and  out  with 
caulking, and  lined  with  one  inch  fiberglass  drop-ceiling  insulation. 

Lead  anchor  shields  were  placed  in  the  masonry  at  30  inch  centers 
across  the  wall.  The  glazing  was  attached  is  indicated  in  exhibit  11. 


tAC<£ 


This  type  of  construction  provides  a  clear  span  for  effective  air 
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distribution.  It  can  also  compensate  for  irregularities  in  the  wall 
by  varying  the  pipe  spaces  length.  All  the  forming  members  were  painted 
white  to  reduce  the  amount  of  heat  they  absorbed.  Three  6"  X  12" 
vent  holes  were  cut  at  the  top  of  the  collector  to  allow  air  flow 
into  the  third  and  fourth  floor  areas.  5D 

The  system  operates  by  convective  air  being  fed  through  the 
basement  windows,  then  by  opening  or  closing  selective  windows  and 
vents,  the  heat  can  be  directed  to  any  of  five  living  areas  as  desired. 
Dampers  are  used  to  prevent  reverse  thermosiphoning.  The  8"  hollow 
block  doesn't  provide  very  much  thermal  mass,  which  is  why  the 
insulation  and  sheet  rock  were  left  on  the  south  wall.  By  leaving 
the  south  wall  the  way  it  was  helped  reduce  the  overheating  problems.  5D 

The  air  entering  the  Trorabe  Wall  via  basement  windows  was  38 
degrees,  with  the  exhausted  air  ranging  from  100°F  to  122°F.  Since  no 
air  flow  measurements  were  taken,  these  temperatures  have  very  little 
meaning.  During  winter  days,  use  of  the  wood  stove  has  been  virtually 
eliminated.  The  limited  thermal  mass  gives  very  little  storage,  which 
means  when  the  sun  goes  down  the  system  is  of  very  little  use.  The 
fact  that  the  area  has  nearly  perpetual  snow  cover  and  clear  skies 
improves  the  systems  performance.  The  Wickel  family  has  been  pleased 
with  its  performance.  The  best  feature  of  the  retrofit  is  the  low 
cost.  The  total  expenditure  for  materials  was  $378.55,  resulting 
in  S3q  per  square  foot  of  collector  area.  5D 

UPPER  BLACK  EDDY  HOUSE 

The  Upper  Black  Eddy  House  is  a  two  story  stone  farmhouse  with 
1,000  square  feet  of  living  space.  The  heating  load  is  110  million 
BTU  per  heating  season.  The  primary  source  of  heat  is  a  small  iug- 
burner  wood  stove.  The  house  has  one  side  that  is  5  degrees  east  to 
true  south.  After  deletion  of  obstructions  there  was  28'  by  5 '  of 
stone  wall  exposed  to  the  sun,  of  which  one  third  is  window  space. 

To  make  full  use  of  the  limited  space  available  for  Trctn.be  Wall  it 
was  decided  to  use  double  glazing.  The  construction  of  the  Trombe 
Wall  was  similar  to  the  Wickel  House  but  had  to  be  modified  to  accept 
double  glazingjin  lieu  of  single  Kal  Wall.  The  builder,  taking 
advantage  of  good  dealsygot  the  materials  for  the  project  for  $113.00, 
or  81v  per  square  foot  of  collector.  The  materials  used  caused  the 
labor  time  to  increase  considerable  over  the  Wickel  House.  The  house 
has  a  15  degree  pent  roof  sloping  away,  for  10  feet,  from  the  base  of 
the  collector , which  will  improve  its  efficiency.  5D 

The  system  operates  by  air  being  fed  into  the  collector  via  the 
lower  sash  of  the  three  windows  and  exhausted  through  vents  cut  into 
the  eves,  where  it  ties  into  3n  existing  unused  insulated  hot  air  duct 
system.  The  hot  .air  is  then  fed  into  the  second  floor  near  the  ceiling. 

The  second  floor  will  quickly  reach  60  to  65CF  with  moderate  insolation, 
but  as  inlet  air  temperature  increases  the  heat  transfer  becomes 
inefficient,  thus  slowing  down  the  thermosiphoning.  There  are  plans  to 
install  a  circulating  fan  to  help  direct  the  air  through  out  the  house 
for  a  more  even  heat  distribution,  and  to  help  maintain  the  thermosiphoning 
loop.  This  system  will  not  meet  a  major  percentage  of  the  overall 
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heating  needs,  but  it  will  be  significant  enough  to  make  the  investment 
worthwhile.  No  actual  performance  data  was  available.  5D 

Retrofitting  a  Trombe  Wall  to  an  existing  house  will  not  give 
the  same  kind  of  performance  as  a  new  construction  system,  but  as 
shown  with  the  Wickel  House  and  the  Upper  Black  Eddy  House  satis¬ 
factory  performance  can  be  obtained  at  a  minimun  of  cost.  This  is 
important  because  it  allows  homeowners  in  the  lower  income  strata 
to  take  advantage  of  solar  energy.  It  should  be  pointed  out  that 
the  above  only  applies  to  houses  that  have  a  masonry  wall  that  faces 
very  close  to  the  south. 


WATER  WALL 


The  water  wall  system  works  on  the  same  principals  as  the  Trombe 
Wall,  except  water  is  used  as  the  storage  medium  instead  of  masonry. 

The  main  advantage  of  water  is  its  efficiency  in  picking  up  heat, 
storing  it,  and  releasing  it,  resulting  in  less  storage  space.  The 
surface  of  the  water  will  also  remain  cooler  than  the  masonry.  The 
cooler  surface  will  result  in  less  heat  losses  and  will  have  less 
tendency  ot  overheat  during  sunshine  hours.  The  lower  surface 
temperature  will  also  be  more  responsive  to  solar  gain.  5Y  The  water 
wall  can  be  directly  exposed  to  the  living  space  or  it  can  be  enclosed. 
If  the  water  wall  is  enclosed  the  air  can  be  circulated  naturally  or 
forced.  Tests  conducted  by  the  Energy  Center  of  the  University  of 
California,  San  Diego  indicate  that  the  water  wall  bin  with  forced 
convection  gives  the  best  solar  load  fraction,  which  is  dependent  on 
a  person's  subjective  assessment  of  the  comfort  enhacement  by  direct 
radiation.  The  water  wall  bin  with  forced  convection  does  provide 
the  best  room  temperature  control.  During  the  daytime  temperatures 
rarely  exceed  the  thermostat  setting  by  more  than  Z^F.  The  placement 
of  an  insulating  wall  (even  with  vents)  between  the  living  space  and 
the  water,  with  natural  convection,  will  give  poorer  performance  than 
the  exposed  wall.  There  was  a  significant  loss  of  energy  through 
the  windows  by  conduction,  even  with  R-S  night  insulation.  This  heat 
loss  can  be  reduced  from  50%  to  100%  by  the  use  of  night  insulation 
on  the  exterior  of  the  glazing.  Exhibit  12  is  a  schematic  of  a  water 
wall  bin.  5Z 

The  primary  problem  with  the  water  wall  is  getting  the  water  in 
the  vertical  configuration.  Initial  attempts  had  continous  water  from 
the  top  to  the  bottom  of  the  wall,  such  as  vinyl  bladders  inside  of 
walls  and  various  types  of  tubes  made  of  steel  and  fiberglass.  These 
methods  put  too  much  head  pressure  on  the  system,  making  leaks  a 
major  problem.  Corrosion  is  also  a  problem  when  metal  containers  are 
used.  Drums  are  usually  used,  in  that  the  water  pressure  can  be  kept 
down  and  still  form  a  wall  by  stacking  the  drums.  If  metal  drums  are 
used  to  contain  the  water  the  corrosion  can  be  minimized  by  using 
anticorrosive  stabilizers  in  the  water,  or  by  lining  the  containers 
with  something  that  is  not  corrosive  in  water.  If  the  system  is  an 
exposed  water  wall  there  will  have  to  be  something  to  shade  the  wall 
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EXHIBIT  13 


during  the  summer  when  no  heating  is  desired.  With  the  water  wall 
bin  the  system  can  be  designed  so  that  the  solar  heat  is  vented 
outside,  it  would  still  be  a  good  idea  to  provide  some  kind  of 
shading.  5Z 

FOCUSING  ROOF  APPERATURE /HOUSE  IN  NEW  JERSEY 

A  technique  used  to  minimize  the  thermal  storage  area  is  the 
focusing  foof  apperture.  The  roof  aperture  will  allow  the  storage 
on  the  north  wall.  The  designing  of  the  aperture  to  give  optimun 
distribution  of  solar  energy  is  very  complex,  and  will  not  be  covered 
by  this  project.  There  is  on  going  study,  by  others,  in  this  area. 

The  aperture  will  not  focus  the  solar  radiation  on  to  the  water  storage 
at  all  times,  therfore,  a  concrete  floor  should  be  used  to  insure  all 
the  focused  energy  is  absorbed.  The  technique  of  focusing  can 
minimize  the  storage  area  by  a  factor  of  up  to  two  to  one.  This  will 
save  money  as  storage  costs  about  $2.00  per  square  foot.  The  focused 
radiation  will  require  a  high  capacity  material  like  contained  water 
or  phase  change  material  to  avoid  overheating.  A  masonry  wall  nowever 
thick,  (8"  to  16")  will  not  provide  enough  storage  to  prevent  over¬ 
heating.  The  contained  water  should  be  situated  on  the  north  wall 
such  that  it  will  receive  the  most  radiation.  An  advantage  of  the 
focused  aperture  is  that  during  the  summer  months  when  the  sun  is 
higher,  solar  radiation  will  not  be  collected.  51 

A  house  located  in  New  Jersey  has  a  passive  system  that  uses  both 
a  water  wall  and  a  focused  roof  aperture.  The  location  has  4,980“^ 
days  per  year  with  57T  yearly  sunshine.  The  house  has  1,400  sq.  ft. 
of  living  space  and  a  heat  loss  of  3.3  BTL'/DDF/sq.  ft.  which  is  a 
well  insulated  house.  Exhibit  13  is  a  schematic  of  the  house's 
heating  system.  The  water  wall  operates  by  absorbing  the  solar  energy 
through  the  glazing,  and  then  radiating  it  from  the  water  storage 
through  the  inner  wall.  The  system  also  uses  natural  convection, 
from  the  water  tube  space,  through  the  vents  into  the  living  space. 

The  vents  have  dampers  to  prevent  reverse  thermosiphoning.  There 
are  exterior  reflectors  to  increase  the  solar  energy  collected,  which 
can  be  pulled  up  at  night  to  give  nighttime  insulation. 

The  focusing  roof  aperture  operates  by  passing  the  solar  radiation 
through  the  outer  glazing  material  and  reflecting  it,  by  one  or  more  of 
three  reflectors,  to  the  water  storage  or  concrete  floor.  The  three 
reflectors  are  indicated  in  exhibit  13  as  and (3-  There  is 

internal  glazing  at  the  ceiling  to  prevent  convective  coupling  of 
the  skylight  with  the  occupied  space.  Reflector  two  is  movable  so 
that  it  can  also  act  as  insulation.  The  water  storage  and  concrete, 
transfers  the  heat  to  the  house  by  natural  convection  and  radiation. 
This  system  has  a  good  heat  distribution  because  there  is  a  heat 
source  at  both  the  south  and  north  walls.  The  above  system  has  a  ratio 
of  collector  area  to  building  load  of  about  1.7  sq.  ft . /BTU/hr .PF.  51 

The  simulation  used  for  this  house  had  many  simplifications. 

The  validity  and  effect  of  these  assputions  are  as  of  yet  unknown. 
Future  simulations  are  going  to  be  done  by  computer,  which  should 
give  more  accurate  results.  The  results  of  the  simplified  simulation 
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are  as  follows: 


YEARS  TOTALS 


HEATING  HEATING , LOAD 

DECREE  DAYS  (BTUX106) 


PRECENT  SOLAR  LOAD 

SUNSHINE  FRACTION 


4,980 


58.42 


57 


90% 


Total  cost  of  combined  water  wall  and  roof  aperture  system  was 
$7,858.00  which  includes  materials  and  labor.  Considering  costs,  the 
solar  load  fraction,  possible  tax  incentive  and  the  low  maintenance 
requirements  makes  this  system  very  attractive.  The  above  solar  load 
fraction  does  not  include  the  energy  needed  for  hot  water.  The  hot 
water  required  3.04X10^BTU  per  year, which  is  25%  of  the  total  annual 
requirements.  The  system  could  be  modified  to  use  the  water  storage 
as  a  pre  heat  tank  for  the  hot  water,  which  would  decrease  the 
conventional  energy  required  for  hot  water.  How  this  would  effect 
the  overall  performance  would  have  to  be  simulated.  51 

RETROFITS 


Retrofitting  a  water  wall  or  water  storage  system  should  be 
effective.  The  construction  of  the  water  wall  or  water  storage  should 
cost  about  the  same  as  a  new  construction  system.  With  a  water  wall 
it  may  take  some  structural  work  to  get  a  wall  with  a  lot  of  glass 
area,  but  it  shouldn't  be  too  much  of  a  problem.  The  house  will  have 
to  have  a  suitable  wall  facing  south.  If  the  system  is  properly 
designed  it  should  be  as  effective  as  a  new  construction  system, 
unlike  a  retrofitted  Trombe  Wall.  The  house  will  have  to  be  well 
insulated,  but  a  house  should  be  well  insulated  no  natter  what  kind  of 
energy  is  used  for  heating. 

WATER  ROOF 

The  water  roof  system  is  a  concept  used  in  areas  where  flat  roofs 
are  acceptable.  Most  of  the  work  on  this  system  h^s  been  in  the  south¬ 
western  part  of  the  United  States.  The  system  uses  a  water  storage 
pond  on  the  roof  of  the  house.  The  solar  energy  is  absorbed  during 
sunlight  hours,  and  a  movable  insulation  is  used  to  keep  from  losing 
energy  to  the  air  at  night.  There  are  movable  insulation  systems 
that  can  be  moved  with  nonrenewable  energy,  and  others  that  can  be  moved 
with  manpower.  Exhibit  14  is  a  schematic  of  the  water  roof  system. 

As  can  be  seen  from  exhibit  14  ,  the  heating  is  done  by  radiation 
only.  The  system  radiates  heat  into  each  room,  making  the  heat 
distribution  no  problem.  With  the  heat  source  in  the  ceiling  it  may 
cause  a  problem  of  the  floor  being  uncomfortable,  in  the  systems 
built  to  date  this  has  not  been  a  problem.  The  water  roof  system 
should  be  able  to  handle  100%  of  the  heating  load  in  areas  where  it 
is  practicable,  and  also  100%  of  the  cooling  load,  if  the  weather 
conditions  are  right.  The  construction  of  a  house  capable  of  carrying 
the  load  of  a  water  pond  on  the  roof  has  not  been  a  problem,  but 
have  had  trouble  keeping  the  system  from  leaking.  There  is  ongoing 
work  to  try  and  improve  the  systems  water  tight  integrity.  A  family 
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that  lived  in  a  completed  house  felt  that  the  system  was  superior  to 
conventional  heating  and  cooling.  Of  particular  note  was  the  lack  of 
blowing  air  and  noise.  4 

The  water  roof  wysten  doesn't  lend  itself  to  retrofits,  since 
there  would  have  to  be  extensive  structural  work  done  to  be  able  to 
take  the  added  load  of  the  water.  The  cost  of  the  structural  changes 
would  make  the  retrofit  prohibitive. 
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SOLAR  GREENHOUSE 


The  solar  greenhouse  is  a  room  that  has  extensive  glass  area  that 
faces  south.  It  is  really  a  direct  gain  space  that  is  thermally 
separated  from  the  living  space.  This  allows  the  greenhouse  to  have 
large  temperature  swings,  while  the  living  space,  being  buffered,  will 
have  smaller  temperature  swings.  There  will  be  a  thermal  storage 
wall  separating  the  greenhouse  from  the  living  space.  The  wall  can 
either  be  insulated  on  the  living  space  side  or  left  uninsulated.  If 
the  wall  is  left  uninsulated  it  will  operate  on  the  same  pricnipals 
as  a  Trombe  Wall.  If  the  wall  is  insulated,  to  prevent  heat  loss  when 
the  greenhouse  is  cooler  than  the  living  space,  the  heating  is  done 
by  convention  through  vents,  windows  or  doors  adjoining  the  greenhouse. 
The  perimiter  of  the  greenouse  will  be  insulated  along  with  the  floor 
if  the  climate  is  severe  enough.  Additional  thermal  storage,  such 
as  water  filled  drums,  may  be  used  in  the  greenhouse  to  improve  its 
performance.  Exhibit  15  shows  the  basics  of  greenhouse  heating.  5B 

The  greenhouse  with  its  extensive  glass  area  is  a  good  collector 
of  solar  energy,  but  the  glass  is  not  a  very  good  insulator  to  thermal 
conduction.  Shutters  can  be  used  to  increase  the  greenhouse  resistance 
to  conduction.  There  has  been  recent  development  of  transparent 
insulation,  to  be  covered  latter,  that  could  make  the  greenhouse  a 
better  thermal  storage  medium.  The  greenhouse  also  can  be  used  as  a 
plant  growing  area,  which  could  be  used  to  grow  vegatables  year  around. 
If  the  greenhouse  is  open  to  the  living  space  there  could  be  a  problem 
with  insects,  if  proper  care  is  not  taken. 

DOUBLE  BOX 

A  unique  greenhouse  system  that  is  being  developed  is  the 
double  box.  The  double  box  is  a  greenhouse  that  completely  surrounds 
the  living  space.  Exhibits  16  and  17  are  schematics  of  the  double 
box.  The  structure  will  have  to  be  well  insulated.  The  air  is  heated 
on  the  south  side  through  the  glass  raising  to  the  top.  The  air  is 
then  forced  down  the  north  side  through  an  air  plenum  space  into  a  mass 
storage  area  at  the  base  of  the  greenhouse.  The  air  will  then  proceed 
into  the  greenhouse  and  up  through  a  vent  to  be  heated  again.  The  air 
will  circulated  at  about  twice  that  of  a  normal  central  conditioning 
system,  which  will  give  air  exchanges  in  the  greenhouse  of  about 
one  per  minute.  The  reason  for  these  high  air  speeds  are;  5AA 

1.  Lower  delta  temperatures  of  operation,  reducing  heat  loss 
back  through  the  glass. 

2.  Rapid  Air  FLow 

a.  Rapidly  looping  air  prevents  heat  from  building  up  in 
the  greenhouse 

3.  Increased  storage  mass 

a.  Storage  at  low  temperatures  increase  operation  time  of 
heat  supply. 

The  double  box  gives  two  modes  of  operation;  the  air  loop  and  the 
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air  buffer,  which  provide  3  main  temperature  zones;  the  inner  box, 
the  outer  box  and  the  outside  air.  The  outer  box’s  temperature  will 
have  big  temperature  swings,  while  the  inner  box  will  be  maintained 
at  a  fairly  constant  temperature.  During  the  heating  season  when  the 
sun  is  shining  the  outer  box  will  be  wanner  than  the  inner  box,  thus 
the  inner  box  will  retain  its  heat.  When  the  sun  is  not  shining  the 
outer  box  will  be  warmer  than  the  outside  air,  due  to  thermal  storage, 
and  will  funtion  as  a  warn  air  blanket  thus  reducing  the  heat  loss 
of  the  inner  box.  The  energy  used  to  move  the  air  in  the  outer  box 
can  be  achieved  by  either  an  electric  fan,  10  to  15  KWH  per  month,  or 
by  setting  up  a  natural  convective  loop.  The  natural  convective  loop 
can  be  obtained  by  leaving  a  portion  of  the  north  air  plenum 
uninsulated.  The  warn  air  will  escape  out  the  north  wall  and  be 
replaced  by  the  warmer  air  moving  down  from  the  attic,  thus  forming 
the  convective  loop.  5AA 

A  demonstration  project  is  being  built,  that  uses  the  double  box 
concept.  The  project,  when  fully  operational,  is  expected  to  have  a 
potential  gain  that  is  more  than  twice  the  heat  losses.  There  will 
be  an  excess  heat  storage  medium  (low  delta  T)  that  should  have  the 
capacity  (2  million  BTU)  to  last  through  the  cloudy  days.  The  double 
box  configuation  can  also  provide  summer  cooling.  Since  this  project 
is  not  completed  there  is  no  actual  data  available.  There  is  also  no 
figures  for  the  cost  of  construction.  This  system  appears  to  have 
potential,  but  how  much  will  have  to  be  assessed  when  actual  data 
becomes  available. 


DOUG  KELBOUGH-  HOUSE 

The  usual  application  of  greenhouses  is  in  combination  with  other 
systems.  The  Doug  Kelbaugh  House  is  primarily  a  Trombe  Wall  System, 
but  has  an  attached  greenhouse  for  additional  heating  and  growing 
ornamental  and  edible  plants.  Initially,  the  greenhouse  was  single 
glazed  and  opened  directly  into  the  living  space.  After  the  first 
winter's  operation  it  was  found  that  the  greenhouse  was  losing  an 
excessive  amount  of  heat,  about  40%  of  the  total  heat  loss  of  the 
house.  To  help  remedy  the  heat  loss  problem  a  second  layer  of  glass 
was  added,  which  was  estimated  to  cut  the  heat  loss  from  the  green¬ 
house  in  half.  The  greenhouse  also  had  an  excessive  temperature 
Swing,  up  to  25^F.  Eight  55  gallon  drums  painted  black  where  added 
to  try  and  reduce  the  temperature  swing  and  to  store  energy.  The 
Doug  Kelbaugh  House  showed  that  if  a  greenhouse  is  going  to  be  open 
to  the  living  spaces  it  should  have  some  means  of  uncoupling  the 
greenhouse  at  night.  Shutters  can  also  be  used  to  reduce  heat  losses 
and  give  privacy.  Tiierefore,  if  a  greenhouse  is  going  to  be  used 
in  combination  with  another  system  and  is  going  to  be  open  to  the 
living  space  it  should  only  be  considered  as  a  daytime  heating 
source.  4 


HYBRID  SYSTEM 

Another  interesting  combination  is  to  use  the  greenhouse  attached 
to  a  Trombe  Wall  and  use  the  heated  air  in  the  greenhouse  to  charge 
a  rock  bed  storage  system.  This  system  will  have  the  wall  and  the 
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floor  giving  off  radiant  heat,  which  will  allow  the  room  air  temperature 
to  be  lower  and  still  be  comfortable.  Exhibit  13  is  a  schematic  of  the 
above  system.  The  concrete  floor  will  provide  a  time  delay  for  the 
heat  flow.  The  warm  floor  will  also  offset  the  tendency  of  the  room 
to  stratify  in  temperature. 

RETROFITS 

Perhaps  the  best  use  of  the  greenhouse  is  in  retrofitting  it 
to  existing  houses.  The  greenhouse  can  be  an  effective  solar  system 
if  the  house  it  is  retrofitted  to  is  well  insulated  and  has  sufficient 
south  facing  wall  area.  It  will  not  take  care  of  the  major  heating 
needs,  but  will  reduce  it.  The  cost  of  construction  will  be  similar 
to  a  new  construction  system. 
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CONVECTIVE  LOOP  (THERMOSIPHON  LOOP) 


The  natural  convective  loop  operates  similar  to  active  air 
systems,  except  no  conventional  energy  is  needed.  The  collector  will 
be  similar  to  the  active  system.  The  collector  has  one  or  two  layers 
of  glazing,  a  heat  absorbing  plate  and  a  method  for  the  heat  transfer 
fluid  to  flow  across  the  plate.  As  the  fluid  passes  across  the  plate 
it  will  absorb  the  thermal  energy  in  the  plate  and  transfer  that 
energy  to  the  storage  medium.  As  the  fluid  is  heated  up  it  will 
raise  and  go  into  the  storage  bin  at  the  top  of  the  collector.  The 
storage  medium  will  absorb  the  thermal  energy,  cooling  the  fluid  ; 
causing  it  to  flow  down  and  into  the  bottom  of  the  collector.  This 
system  can  be  used  with  either  water  or  air  as  the  heat  transfer 
fluid.  53  The  usual  use  for  the  above  system  is  for  passive  hot 
water  heaters. 

The  natural  convective  loop  air  system  can  be  used  as  shown  in 
exhibit  19  .  The  house  will  have  to  be  well  insulated  as  usual. 

The  collector  will  heat  up  the  air  causing  it  to  raise  into  the 
storage  bin.  The  rock  bed  storage  will  give  up  its  heat  by  allowing 
air  to  raise  through  vents  into  the  living  space.  Once  the  air  is  in 
the  living  space  it  will  raise,  heating  the  second  floor  spaces.  As 
the  air  cools,  it  will  return  through  the  cold  air  return  ducts. 

The  hot  water  can  also  be  heated  in  this  system  by  installing  water 
pipes  in  the  collector.  The  system  has  dampers  on  the  vents  to  control 
the  heating  and  prevent  any  reverse  thermosiphoning  throughout  the 
system.  A  house  has  been  built  using  the  above  concept,  but  no 
performance  or  cost  data  was  available.  3 

For  the  natural  convective  loop  system  to  be  justified  it  will 
have  to  have  better  performance  than  an  active  system,  and  be  com¬ 
parable  to  ether  passive  systems.  The  reason  for  this  is  that  the 
system  requires  a  collector  that  has  no  other  function  than  to  collect 
energy,  as  in  the  active  system.  The  other  passive  systems  have  good 
performance  and  serve  more  than  one  function.  There  is  a  use  for 
the  convective  loop  system  in  retrofitting  existing  houses.  The 
retrofits  car.  be  small  convective  air  heaters  for  use  during  sunlight 
hours  only,  or  a  simple  window  box  heater  if  it  can  be  designed  not 
to  lose  heat  at  night.  Work  is  on  going  in  this  area  of  small 
convective  air  heaters,  which  can  play  an  important  role  in  using 
solar  energy,  espically  in  existing  houses.  5B 
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MODIFICATION’S 


VERTICAL  SOLAR  LOUVERS 

Modifications  can  be  made  to  the  basic  passive  solar  concepts 
to  make  better  use  of  collected  energy.  An  interesting  modification 
is  the  vertical  solar  louvers,  which  combines  the  concepts  of  direct 
gain  and  thermal  storage  wall.  Vertical  solar  louvers  are  a  set  of 
rectangular  columns  situated  directly  behind  south  facing  glazing 
and  oriented  in  the  SE-N'W  direction.  By  orienting  the  columns  in 
this  fashion  the  morning  sun  is  allowed  to  enter  and  warm  the  house, 
and  the  afternoon  sun  will  store  energy  in  the  columns.  Exhibit  20 
is  a  schematic  of  the  vertical  solar  louver  system.  The  vertical 
solar  louvers  has  most  of  the  advantages  of  the  direct  gain  and  the 
Trombe  Wall  systems,  while  eliminating  most  of  the  disadvantages. 

The  Trombe  Wall  will  give  even  temperatures,  but  does  not  allow  the 
use  of  alot  of  possible  storage  in  the  interior  floor  and  walls.  The 
Trombe  Wall,  that  circulates  room  air, also  has  no  convient  means 
to  clean  che  interior  glazing,  which  can  deteriorate  the  system 
preformance.  The  vertical  solar  louvers  allow  the  use  of  thermal 
storage  in  the  walls,  and  still  have  easy  access  to  the  glazing  for 
cleaning.  The  primary  disadvantage  of  the  direct  gain  system  is  the 
wide  range  of  temperature  fluctuations,  which  the  vertical  solar 
louvers  system  will  not  have.  5J 

The  vertical  solar  louvers  are  designed  to  function  so  that  in 
the  morning  when  the  house  is  at  its  coolest  the  maximum  amount 
of  solar  energy  is  directly  admitted  into  the  house,  and  then  around 
noon  switch  to  a  Trombe  Wall  for  storage  of  solar  energy  and  to 
prevent  the  house  from  overheating.  The  louvers  will  admit  over 
80%  of  the  morning  sun  directly  into  the  interior.  As  the  day 
progresses  less  and  less  of  the  sun's  direct  energy  will  be  allowed 
into  the  house.  At  noon  from  40  to  70%  (depending  on  column  spacing) 
of  the  sun  energy  will  be  intercepted  by  the  louvers.  In  the  after¬ 
noon  all  the  sun's  energy  will  be  intercepted  by  the  louvers  for 
storage,  after  the  house's  interior  has  been  heated  up.  The  vertical 
solar  louver  system  should  reach  maximum  comfortable  temperature 
at  about  11:00  A.M.  and  last  until  5:00  P.M.,  as  compared  to  1:00  P.M. 
to  5:00  P.M.  for  other  hybrid  passive  systems.  The  maximum  surface 
temperature  for  the  louvers  will  be  reached  between  4:00  P.M.  and 
5:00  P.M. ,  as  compared  to  shortly  after  noon  for  the  Trombe  Wall. 

With  the  maximum  surface  temperature  being  obtained  around  4:00  P.M.  , 
it  will  give  a  heat  pulse  at  the  back  of  the  louver  between  2:00  A.M. 
and  5:00  A.M.  (depending  on  the  column  material  and  thickness)  when 
it  is  most  needed.  The  vertical  solar  louver,  therefore  allows  the 
house  structure  to  absorb  and  store  heat  for  a  longer  time  at  the 
maximum  comfortable  temperature.  The  vertical  solar  louvers  should 
improve  the  storage  effectiveness  c"  the  internal  structural  elements 
from  50  to  100%  in  December  and  January.  5J 

An  advantage  of  the  vertical  solar  louvers  over  the  Trombe  Wall 
is  the  front  surface  temperature  of  the  vertical  solar  louver  is 
lower.  The  vertical  solar  louver's  maximum  surface  temperature  is 
close  to  75  F  as  opposed  to  125  F  for  the  Trombe  Wall.  The  lower 
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surface  temperature  will  give  a  lower  temperature  potential  for  heat 
loss  to  the  exterior,  thus  resulting  in  less  heat  loss  (up  to  50%). 

This  means  that  less  expensive  night  insulation  can  be  used  and  still 
maintain  good  performance.  The  actual  storage  mass  temperature  of  the 
vertical  solar  louvers  should  be  about  the  same  as  the  Trombe  Wall. 

The  problem  of  excessive  floor  temperature,  that  can  occur'  with  a 
direct  gain  system,  is  also  avoided.  5J 

Jim  Bier,  the  designer  of  the  vertical  solar  louvers,  has  built 
a  house  using  his  concept.  The  house  has  1,300  square  feet  of  living 
space,  has  two  stories(and  is  made  of  8  inch  concrete  blocks  tamped 
full  of  sand.  The  floor  is  4  inches  of  reinforced  concrete  on  a 
4  inch  open  gravel  base.  The  house  is  well  insulated,  even  to  using 
triple  glazed  storm  windows,  but  no  overall  heat  loss  coefficient 
was  provided.  The  house  has  300  square  feet  of  south  wall,  50  square 
feet  of  clerestory  and  70  square  feet  total  in  east  and  west  walls, 
which  are  used  to  collect  the  sun's  radiation.  There  are  100  tons  of 
insulated  masonry  and  sand  in  the  house  to  provide  storage  for  overnight 
and  on  partially  cloudy  days.  The  five  vertical  solar  louvers  are 
12"  X  32"  sandfilled  blocks,  the  full  height  of  the  south  wall 
angled  45  degrees  east  of  south.  The  south  wall  is  double-glazed. 
Insulating  drapes,  stored  on  the  NE  interior  side  of  each  louver,  are 
used  to  prevent  nighttime  heat  loss  and  to  control  unwanted  insolation. 
The  system  was  designed  to  give  from  50  to  85%  of  the  houses  needs  by 
passive  solar  energy.  There  is  no  actual  performance  data  available. 

The  cost  of  const ructing  a  house,  using  the  vertical  solar  louvers, 
should  be  about  the  same  as  a  conventional  block  house,  but  no  com¬ 
parative  cost  data  was  provided.  5J 

Combining  and  modifing  the  basic  concepts  of  passive  solar  energy 
is  often  done  in  efforts  to  maximize  the  use  of  solar  energy.  The 
greenhouse  is  often  combined  with  water  walls  of  Trombe  Walls,  or  in 
the  Doug  Kelbaugh  House.  Jim  Bier's  vertical  solar  louver  is  a 
creative  mofification  that  makes  use  of  the  advantages  of  the  direct 
gain  and  Trombe  Wall  systems,  and  eliminates  the  disadvantages. 
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HYBRIDS 


Perhaps  the  biggest  source  of  disagreement  with  the  people  involved 
in  solar  energy  is  the  definition  of  when  a  system  is  passive  or 
active.  T'aere  are  some  people  who  contend  that  if  any  source  of 
conventional  energy  is  used  the  system  must  be  classified  as  active, 
and  others  who  try  to  use  a  coefficient  of  performance  figure  to 
distinguish  between  the  two  types  of  systems.  For  this  paper  there 
is  a  catergory  of  passive  systems,  hybrids,  that  use  conventional 
energy  with  one  of  the  basic  passive  solar  concepts.  The  conventional 
energy  will  usually  be  a  fan  to  force  warmed  air  through  a  storage 
medium.  The  reason  hybrid  systems  are  used  is  to  overcome  the  over¬ 
heating  and  underheating  problems  of  passive  systems.  Examples  of 
hybrid  systems  will  be. given  to  show  how  the  concepts  of  passive  solar 
heating  can  be  combined  with  conventional  energy  to  produce  an  effective 
solar  heated  house. 


UNIT  1  FIRST  VILLAGE 

Unit  //I  First  Village,  in  the  Santa  Fe,  New  Mexico  area,  is  a 
2,300  sq.  ft.,  two  story  house  that  uses  the  greenhouse  concept, 
with  a  rock  bed  storage  to  do  the  space  heating.  All  rooms  face 
into  a  trianglar-s'napedj  20  foot  high  greenhouse,  on  the  south  side 
of  the  house.  The  side  of  the  greenhouse  facing  south  is  made  of 
glass,  while  the  remaining  two  sides  are  made  of  adobe,  for  thermal 
storage  and  to  separate  the  heat  collecting  greenhouse  from  the  living 
spaces  behind  them.  There  is  about  400  sq.  ft.  of  south  facing 
thermopane  glazing  mounted  at  a  60  degree  angle.  The  adobe  is  14" 
thick  at  ground  level  and  10"  at  the  upper  level,  to  provide  the  passive 
thermal  storage.  The  remainder  of  the  house  is  well  insulated.  The 
rear  wall  is  rounded  to  provide  less  resistance  to  harsh  winter  winds.  4 

Exhibit  21  is  a  schematic  of  the  house's  hybrid  passive  solar 
system.  As  can  be  seen  from  the  schematic,  the  system  is  made  up 
of  a  passive  part  and  an  active  part.  The  passive  part  uses  the  green¬ 
house  principal  to  store  energy  in  the  adobe  walls.  The  heat  stored 
in  the  adobe  walls  will  work  its  way  through  the  adobe  and  be  avail¬ 
able  at  night  when  needed.  The  unshuttered  greenhouse  in  this  system 
also  acts  as  a  buffer  zone  for  the  living  space,  in  that  it  is  allowed 
to  fluctuate,  usually  between  110  F  to  45^F.  The  thermal  wall  will 
average  about  73’ F.  The  active  part  is  made  up  of  two  horizontal 
rock  beds  located  under  the  living  room  and  dining  room.  The  beds 
are  two  feet  deep  and  10  feet  wide,  with  one  being  19  feet  long  and 
the  other  one  is  15  feet  long.  The  rock  bed  has  sufficient  storage 
capacity  to  carry  the  house  through  a  couple  of  sunless  days.  The 
hot  air  is  pulled  from  the  top  of  the  greenhouse,  by  two  1/3  hp. 
fans,  and  forced  through  the  two  rock  beds.  The  air  is  then  returned 
to  the  greenhouse.  The  heat  in  the  rock  beds  will  radiate  through 
the  6  inch  concrete  floor  and  into  the  living  spaces.  The  temperature 
of  the  floor  along  with  the  rock  beds  will  range  from  85°F  to  about 
78°F.  The  rock  bed  will  go  down  to  70°F  after  a  sunless  day.  Backup 
heating  is  provided  by  baseboard  electric  heaters.  The  domestic  hot 
water  heating  is  provided  by  a  two  panel  flat  plate  collector  array.  4 
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EXHIBIT  21 


Temperature  data  collected  over  a  four  dav  period,  lowest 
outside  temperatures  normally  experienced  in  the  Santa  Fe  area, 
illustrated  the  thermal  stability  of  the  house.  The  temperatures 
ranged  from  about  57*?  to  63CF  for  this  period.  During  most  of  the 
winter  the  internal  living  spaces  where  able  to  maintain  temperatures 
in  the  upper  60's.  There  has  been  no  monitoring  of  conventional 
energy  useage  to  try  and  determine  what  percentage  of  the  heating  load 
was  supplied  by  solar  energy;  but  utility  bills  have  consistently 
been  less  than  $10.00  per  month,  usually  being  the  minimum  service 
charges.  This  was  true  even  under  the  most  adverse  conditions.  There 
was  initially  an  apprehension  that  the  sloping  greenhouse  would  cause 
excessive  heating  in  the  summer,  this  has  not  been  experienced.  The 
owners  have  been  very  pleased  with  the  house's  performance,  4 

BRUCE  HUNN  HOUSE 

The  Bruce  Hunn  house  has  1,955  square  feet  of  living  space  and 
is  located  in  Los  A laxos.  New  Mexi  ,  which  has  7,000  F  days  with 
plentiful  sunshine.  The  house  has  a  two  story  Trombe  Wall  with  300 
square  feet  of  effective  area.  The  system  does  net  use  a  natural 
convection  loop  to  circulate  the  air  into  the  living  space,  but  a 
blower  to  circulate  the  air  between  the  glazing  and  the  wall  into  a 
rock  bed  storage.  A  three-zone,  forced-air  distribution  system, 
with  a  natural  gas  auxiliary  furnace  is  also  connected  to  the  rock 
bed.  There  is  also  140  square  feet  of  windows  for  direct  gain  solar 
collection.  The  house  has  a  heat  loss  coefficient  of  8.5  BTU/°F/day/ 
sq.  ft.  which  is  a  well  insulated  house.  There  are  plans  to  install 
interior  insulating  shutters  on  most  windows,  which  will  reduce  the 
heat  loss  coefficient  to  7.5  BTU/"F/sq . f t .  The  window  shutters  should 
improve  the  systems  overall  performance.' 

The  Trombe  Wall  is  constructed  of  12"  open  slump  block  completely 
filled  with  cement.  This  is  considered  the  optimal  thickness  for 
concrete.  The  outside  surface  was  painted  a  dark  brown  stain  that 
has  a  measured  solar  absorptivity  of  0.91.  The  wall  was  covered 
with  double  glazing  mounted  2  inches  from  the  Trombe  Wall.  Since 
the  wall  has  no  vents  for  a  natural  convection  loop,  the  only  space 
heating  is  by  radiation.  In  the  active  mode  the  hot  air  in  the  space 
between  the  Trombe  Wall  and  the  glazing  is  forced  through  the  rock 
beds.  The  blower  initially  circulated  the  air  at  a  rate  of  500 
cubic  feet  per  second,  which  as  will  be  discussed  later,  is  too  great. 

A  differential  controller,  which  operates  on  the  temperature  diff¬ 
erence  between  the  top  of  the  wall  and  the  cold  end  of  the  rock  bed, 
controls  the  charging  process.  The  rock  bed  has  a  3  foot  by  12  foot 
face,  with  6  feet  in  the  direction  of  flow,  and  is  12  tons  of  gravel. 
The  rock  bed  is  insulated  with  extruded  strvofoam,  2  inches  on  the 
side  and  3  inches  on  the  top,  and  rests  on  a  concrete  footing.  The 
three  zone  forced  air  distribution  system,  with  a  natural  gas  auxiliary 
furnace,  is  connected  to  the  rock  bed.  When  a  zone  needs  heat, 
returned  air  is  ducted  to  the  cold  side  of  the  rock  bed  too  the  warm 
end,  and  finally  through  the  furnace.  The  furnace  is  set  so  that 
when  the  inlet  air  temperature  is  below  80  to  85c  F  it  will  come 
on.  4 


For  first  winter's  operation  the  system  was  in  the  passive  mode 
only.  The  passive  system  under  most  conditions  was  capable  of  main¬ 
taining  the  inside  temperature  at  60  F  or  above.  As  long  as  the  Trombe 
Wall  was  charged  this  temperature  was  satisfactory  to  occupants.  It 
was  found  that  when  the  wall  was  not  charged,  during  cloudy  periods, 
the  house  was  uncomfortable  unless  the  room  temperature  was  65' F 
or  greated.  Temperature  readings  within  the  Trombe  Wall  indicated  the 
outer  surface  would  reach  a  maximum  of  152' F  around  noon.  This  peak 
temperature  would  than  move  through  the  wall , reaching  the  inner  surface 
from  6  to  8  hours  later  and  be  about  90°F.  Temperature  data  taken 
oven  a  years  period  shows  that  the  Trombe  Wall  gives  a  very  stable 
inside  temperature-.  The  wall  performance,  being  only  12  inches 
thick,  will  suffer  when  there  is  prolonged  cloudy  periods,  which 
temperature  data  taken  has  verfied.  4 

The  active  mode  was  turned  on  November  and  December,  of  the 
test  year,  to  try  and  activate  the  rock  bed.  It  was  found  that  the 
inlet  air  temperatures  to  the  rock  bed  x^ere  too  low  to  charge  the 
bed  adequately.  The  active  mode  was  therefore  turned  off.  The 
reasons  suspected  for  the  poor  performance  of  the  active  system 
are  as  follows; 

1.  cold  air  leakage  into  the  system 

2.  direct  losses 

3.  too  high  an  air  flox*  rate 

Steps  will  be  taken  to  remedy  these  problems.  The  blower  was  slowed 
dox-m  to  200  -  250  cfm,  because  the  design  value  of  2  cfm  per  square 
foot  of  collector  area  was  based  on  the  optimun  value  for  an  active 
collector,  and  is  too  high  for  a  passive  collector.  Since  the  x.?all 
will  absorb  only  one-half  to  two  thirds  of  the  incident  solar  energy, 
a  value  of  1  cfm  per  square  foot  of  collector  was  considered  more 
appropriate.  As  nknv  of  the  air  leaks  as  possible  will  be  sealed. 

The  air  flow  across  the  Trombe  Wall  x^ill  be  reversed  to  shorten 
the  length  of  xvarm  air  ducts.  5K 

The  system's  first  year  performance  was  monitored  to  determine 
the  percentage  of  the  total  heating  load  supplied  by  solar  energy. 

The  system  was  capable  of  providing  60%  of  the  total  load,  without 
the  active  system  operating  properly.  When  the  shutters  are  put  on 
the  xjindoxvSj  and  the  active  mode  is  working. the  system  should  be 
able  to  handle  a  good  percentage  more  of  the  total  heating  load. 

The  cost  of  material  and  labor  attributable  to  the  hybrid  passive 
solar  system  is  about  $5 , 500 . 00, which  is  less  than  10%  of  the  total 
construction  cost.  5K 

MARKEL  RESIDENCE 

The  Markle  House  in  Vermont  has  1,100  square  feet  of  living  area 
with  a  heat  loss  cf  17,500  BTU/hr.  Particular  attention  was  paid  to 
reducing  the  infiltration  rate  during  design  and  construction.  The 
windows  on  the  east;west  and  north  sides  are  triple  glazed.  Since  the 
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owners  wanted  a  south  view,  the  Trombe  Wall  concept  was  not  feasible. 

The  main  living  area  is  an  open  double  height  area  with  glazing  placed 
at  conventional  height, and  up  near  the  top  to  direct  the  light  to  the 
back  of  the  room.  This  was  done  to  try  and  alleviate  the  glare  problems 
associated  with  direct  gain  systems.  The  hybrid  system  is  a  direct 
gain  system  with  a  forced  air  rock  bed  storage.  The  auxiliary  heat 
is  supplied  by  a  wood  fueled  stove.  5M 

Exhibit  22  is  a  schematic  of  the  houses^ heating  system.  The 
house  faces  south  17.5  degrees  east.  Solar  energy  comes  through  two 
banks  of  night  shuttered  glass,  glass  doors  main  level  and  clerestory 
glazing  at  the  top.  The  solar  radiation  is  absorbed  by  a  dark  slate- 
type  floor,  and  by  a  full  height  south  facing  wall  of  dark  green  marbel 
rubble.  These  areas  act  as  the  direct  gain  portion  of  the  system, 
and  to  heat  up  the  air  in  the  living  room.  The  hot  air  will  raise  to 
the  cop,  and  when  hot  enough  will  be  forced  into  the  rock  storage  by 
a  blower.  The  rock  storage  is  behind  the  marble  wall, and  is  16'  long 
by  6'  wide  by  12'  high  filled  with  three  inch  round  stone.  If  the 
room  requires  heat  from  storage,  and  a  differential  thermostat  indicates 
that  the  storage  is  warmer  than  the  room,  three  dampers  activate 

and  the  cool  air  pooling  in  the  living  room  is  drawn  up  through 

the  storage  and  circulated  throughout  the  house  via  conventional  warm 
air  ducts  and  registers.  This  type  of  system  allows  the  solar  energy 
collected  to  be  distributed  through  the  house,  even  to  areas  that  are 
not  in  close  proximity  to  the  radiating  panels.  5M 

How  the  wood  burner  stove  is  used  in  this  system  is  very  unique. 

The  primary  problem  with  the  way  conventional  wood  burner  stoves  are 
used  is  that  they  are -essentially  air  tight  so  that  they  can  burn 
for  a  long  time  without  being  reloaded.  '.Then  the  stove  is  operated  in 
this  manner  it  bums  at  a  lower  temperature.  This  type  of  operation 
will  cause  creosote  to  form  in  the  stove  pipe,  because  the  cool  chimney 
will  condense  the  steam  from  the  wood  and  combine  with  the  volatiles, 
which  is  a  problem.  To  overcome  this  problem  the  wood  burner  stove 
was  placed  in  an  opening  in  the  marble  wall,  backed  right  up  against 

the  rock  storage  bin.  The  wood  burner  stove  is  then  fired  so  that  high 

enough  temperatures  are  maintained  in  the  stove  pipe  to  eliminate 
the  creosote  problem.  Some  of  the  heat  from  the  stove  will  go  into 
the  living  space,  but  most  of  it  will  radiate  into  the  rock  bin  storage 
and  the  marble  wall.  The  stovepipes,  with  heat  exchangers,  also  will 
radiate  to  these  spaces.  The  hot  air  created  by  the  stove  will  raise 
and  be  put  into  storage.  5M 

The  performance  of  this  house  has  been  difficult  to  determine 
because  it  was  not  used  full  time,  it  is  being  used  more  like  a  vacation 
house.  With  the  house  being  used  in  this  manner  the  shutters  are 
not  operated  properly,  when  not  occupied,  resulting  in  the  rock  storage 
system  not  being  fully  charged.  The  small  amount  of  data  gathered 
does  indicate  that  the  system  is  operating  as  designed.  The  stove  was 
designed  to  carry  up  to  467£  of  the  January  load.  There  was  no  daca 
available  on  the  systems  cost.  The  designer  of  the  house  indicated 
that  a  transparent  insulation,  to  be  covered  latter,  could  be  used  in 
place  of  the  mechanical  shutters  if  the  house  was  not  going  to  be 
occupied  full  time.  The  designer  also  has  plans  to  retrofit  the  house 
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with  an  automated  signal  to  indicate  when  to  start  the  wood  burner 
stove.  5M 


SOLAR  ATRIUM 

The  solar  atrium  is  a  room  which  is  surrounded  on  the  north,  east 
and  west  by  other  rooms  of  the  house.  The  cost  effectiveness  of  the 
solar  atrium  concept  is  the  primary  concern  of  its  developers.  A 
test  model  residence,  using  the  solar  atrium  concept,  is  going  to  be 
built.  The  iiouse  will  have  two  stories  with  1,800  square  feet,  and 
will  be  a  well  insulated  wood  frame  house  with  a  peak  heating  load 
of  37,800  BTU/hr .  5N 

Exhibit  23  is  a  schematic  of  the  solar  atrium  concept.  The  south 
facing  wall  has  600  square  feet  of  glass  in  the  wall  and  roof.  The 
glass  is  1"  insulation  glass,  with  inside  louvers  which  have  a  total 
heat  loss  coefficient  of  0. 0G53TU/sq . f t .  aF.  The  atrium  is  situated 
in  the  house  so  as  to  be  adjoining  as  many  rooms  as  possible  and  to 
permit  free  air  movement .  The  atrium  is  constructed  of  material 
which  will  give  it  significant  thermal  mass.  The  floor  is  five  inches 
of  concrete  with  a  dark,  ceramic  tile  finish.  The  chimney  is  made 
from  concrete  block  and  finished  with  dark  ceramic  tile.  There  is 
also  an  ornamental  pool  of  300  gallons,  which  also  provides  thermal 
mass.  All  this  thermal  mass  will  be  exposed  to  the  sun's  energy. 

This  type  of  system  will  allow  the  benefits  of  a  Trom’oe  Wall,  without 
its  visual  barrier.  There  is  a  rock  storage  unit  under  the  atrium 
to  store  any  excess  collected  energy.  The  rock  storage  is  200  cubic 
feet  with  a  thermal  capacity  of  4,000  BTU/‘,'F.  The  back  up  heat  is 
to  be  supplied  by  an  air  to  air  heat  pump.  The  atrium  can  also  be 
used  as  a  living  space.  5N 

The  sun's  energy  will  enter  the  atrium,  charge  the  thermal  mass 
and  heat  up  the  air.  The  hot  air  will  raise  to  the  top  of  the  atrium 
where  it  will  be  circulated  to  heat  the  rest  of  the  house.  When  the 
houses  temperature  reaches  68aF  the  air  will  be  drawn  to  the  rock 
storage.  At  night  the  shutters  will  close,  and  the  thermal  energy 
in  the  atrium  or  the  rock  storage,  will  be  used  for  heating.  When 
necessary  the  heat  pump  can  be  used.  These  different  nodes  of 
operation  provide  a  great  deal  of  flexibility  in  maintaining  comfortable 
interior  temperatures.  5N 

Since  the  house  has  not  been  built,  as  of  yet,  no  actual  performance 
data  is  available.  Design  calculations  show  that  there  should  be  a  yearly 
savings  of  $183.00.  (Fy  1977  dollars.)  The  investment  to  be  amortized 
is  $2,453.00.  Calculations  over  the  life  of  the  system  gives  a  pay¬ 
back  period  of  about  eleven  years.  This  is  considered  the  maximum 
amount  of  time  to  recoup  the  initial  investment.  As  time  progresses 
this  payback  period  should  get  even  shorter.  The  solar  atrium  gives 
cost  effectiveness  in  heating  and  cooling  that  are  equal  to  or  superior 
to  existing  conventional  systems.  It  has  been  designed  to  be  convenient 
to  operate  by  building  occupants.  5N 
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LINDEBERG  RESIDENCE 


The  Lindberg  House  will  have  2,100  square  feet,  with  a  heating 
load  of  4.15  BTU/DD/sq.  it.,  in  Minnesota,  which  has  S,400  degree  days 
of  heating.  A  hybrid  passive  solar  system  is  situated  so  that  it  will 
be  protected  from  winter  winds  and  have  large  summer  shade  trees  to 
help  summer  cooling.  The  house  will  have  three  levels,  the  garage  and 
basement,  the  main  living  area  and  the  bedrooms.  The  second  and 
third  levels  are  designed  to  give  the  maximum  natural  circulation  of 
warm  air  through  the  house  and  the  thermal  storage  area.  The  windows 
on  the  north,  east  and  west  sides  have  triple  glazing,  with  double 
glazing  and  movable  insulation  on  the  south  windows.  There  is  also 
a  skylight  in  the  roof  to  give  added  collector  area,  which  has  a 
movable  insulation  system.  5F  Exnibit  24  is  a  schematic  of  the  houses 
heating  systems. 

The  hybrid  passive  system  uses  the  direct  gain  concept  to  collect 
the  solar  energy,  and  a  rock  storage  system  to  store  excess  energy. 

The  south  face  has  275  square  feet  of  double  glazing,  with  movable 
insulation  and  75  square  feet  of  south  facing  skylight,  with  movable 
insulation.  The  floor  has  63,600  pounds  of  precast  concrete  for 
absorbing  solar  radiation.  There  is  a  metal  absorber  plate  located 
above  the  rock  storage  bin  and  positioned  to  accept  the  solar  radiation 
from  the  skylight.  The  rock  storage  bin  will  have  40,000  pounds  or 
rock,  with  the  air  circulated  through  it  by  the  furnace  fan.  5F 

One  of  the  problems  with  passive  systems  is  the  limited  range 
it  can  operate  over  and  stay  within  interior  comfort  conditions. 

The  bedrooms  will  be  put  on  the  third  level  so  that  during  the  day 
this  level  will  be  allowed  to  go  in  excess  of  SO' F,  thus  allowing 
higher  storage  temperatures.  Temperatures  in  excess  of  S0°F  on  the 
third  level  should  not  put  the  second  level  beyond  the  comfort  range. 
The  metal  plate  collector  will  be  usee  to  further  increase  the  storage 
temperature  by  the  warmed  air  from  living  spaces  being  forced  bv  fan 
between  the  collector  panel  and  the  wall  and  into  storage.  The  furnace 
fan  will  draw  the  air  through  the  rock  storage  bin  and  either  return 
it  to  the  space  through  the  concrete  air  floor, or  recirculated  via 
the  collector  loop.  The  precast  concrete  floor  is  an  air  floor,  which 
allows  flow  both  parallel  to  and  perpendicular  to  the  direction  of 
the  plank.  Turbulence  is  created  by  supplying  air  to  the  fenter 
location  of  an  area  and  forcing  the  air  to  flow  perpendicular  to  the 
length  of  the  plank,  to  floor  grills  located  at  the  edges.  The  heating 
system  operates  by  the  following  modes  of  operation:  5p 

MODE  ‘t  1  Circulate  air.  This  node  operates  when  an  uneven 

temperature  distribution  exists  to  circulate  air  from 
the  high  interior  spaces  to  the  lower  spaces  and  north 
exposed  rooms. 

MODE  :‘.‘2  Solar  Storage.  Mien  comfortable  interior  temperatures 

have  been  achieved  and  solar  energy  is  continuing  to  warm 
the  spaces  beyond  their  needs  the  excess  heat  will  be 
drawn  through  the  interior  solar  collector,  and  into 
the  rock  storage,  returning  via  the  concrete  air  floor. 
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MODE  if 3  Heat  Charging  only.  This  mode  operates  only  when  the 
interior  spaces  arc  at  maximum  comfort  levels,  When 
this  occurs  the  air  will  circulate  through  the  solar 
collector  rock,  storage  loop. 

MODE  l/A  Keat  from  Solar  Storage.  When  there  is  no  solar  radiation 
and  the  radiation  from  storage  is  insufficient  to  meet 
heating  needs,  the  furnace  fan  will  withdraw  the  heat  from 
storage  by  the  same  circulation  as  Mode  u2 . 

MODE  if 3  Auxiliary  Heating.  When  the  hybrid  passive  solar 

components  can  not  meet  the  heating  needs  the  auxiliary 
heating  system  can  be  used.  A  gas  furnace  is  to  be  used 
as  the  back  up  system. 

The  gas  furnace  uses  its  own  supply  ducts.  This  is  a  partial 
duplication  of  the  distribution. but  it  was  needed  to  prevent  charging 
the  solar  storage  with  the  furnace  heat,  making  the  solar  storage 
ineffective  to  the  lower  temperature  solar  heat.  A  bin  method  analysis, 
estimated  that  the  passive  system  could  supply  about  652  of  the  annual 
heating  needs,  which  is  pretty  good  with  the  available  collector 
area.  This  design  shows  that  a  hybrid  passive  solar  system  can  provide 
the  major  portion  of  the  heating  needs  of  a  large  well  insulated 
house  in  a  cold  (S,2Q0  DD)  climate,  and  give  relatively  conventional 
comfort  standards.  There  are  plans  to  monitor  temperatures,  strati¬ 
fication  of  temperatures  and  heat  flows  for  this  house  when  complete.  OF 
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TECHNICAL  ADVANCES  TO  AID  PASSIVE  SOLAR  HEATING 


TRANSPARENT  INSULATION 

The  passive  solar  concepts  collect  energy  through  glazing 
to  be  absorbed  in  a  thermal  storage  mass  at  low  temperatures .  With 
conventional  building  materials  these  concepts  have  draw  backs,  the 
glass  will  lose  heat  by  radiation ,  the  thermal  storage  will  have  to 
be  massive  because  of  the  low  temperature;  and  the  system  will  have 
temperature  swings  through  out  the  days  operations.  Some  technical 
advances  that  have  been  developed  to  help  eliminate  these  disadvantages 
are  the  transparent  insulation,  the  optical  shutters,  the  movable 
insulation  and  the  phase  change  material.  The  heat  mirror  will 
allow  short  wave  solar  radiation  through,  but  be  an  insulation  to 
thermal  radiation.  It  is  a  thin  transparent  optical  film  which  can 
be  applied  to  glass  or  plastic  glazing  material.  Depending  on  the 
applicat ion . the  thermal  losses  can  be  reduced  by  25  to  75%.  Normally 
multiple  glazings  are  used  to  reduce  thermal  losses,  which  will 
also  result  in  a  reduction  of  solar  radiation  transmitted  through 
windows.  As  glazings  are  added  the  transmission  will  continue  to 
decrease.  The  ideal  heat  mirror  for  use  in  passive  solar  applications, 
should  be  as  shown  in  exhibit  25. 


HEAT  MIRROR 

The  heat  mirror  coating  will  transmit  solar  radiation,  .3  microns 
to  2.5  microns,  and  be  highly  reflective  to  long  wave  radiation. 

Some  examples  of  characteristics  that  can  be  achieved  by  the  use  of 
a  heat  mirror  with  windows  are  given  in  exhibit  below. 


BTL'/sq  .  f  t .  /hr  /  F  Trans 
E= . 2  E= . 05 


Single  Glazed 

Inner  Surface  .72  .63  .7S 


Plastic  Film  + 

Air  Gap  Retrofit  .31  .26  .75 


Double  Glazed 

Air  Gap  .32  .27  .77 


Double  Glazed 
Mid-Gap  Plastic 

Film  .21  .17  .66 
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In  comparing  the  performance  of  windows  with  heat  mirrors  to  multiple 
glazed  windows,  it  was  found  that  the  heat  mirror  was  about  equivalent 
thermally  to  adding  a  glazing  plus  air  space.  Condensation  and  frost 
on  a  heat  mirror  surface  has  the  effect,  thermally,  of  eliminating 
the  heat  mirrrr.  In  cold  climates  heat  mirror  on  single  glazing 
would  not  be  ndviseable  over  double  glazing  due  to  the  frequent 
condensation  and  frosting  that  would  occur.  5S 

The  cost  of  the  heat  mirror  to  the  consumer  is  very  important 
to  how  much  gets  put  into  use.  The  demand  will  affect  how  much  is 
made  and  at  what  cost  per  square  foot.  Some  estimates  of  cost  to 
retrofit  existing  windows  to  consumers,  assuming  high  production  rates, 
are  $.75  to  $1.50  per  square  foot,  if  homeowners  installed , and  $1.50 
to  $2.50  per  square  foot  if  professionally  applied.  Heat  mirror  on 
new  windows  should  add  from  $1.5C  to  $3. CO  per  square  foot  to  the 
retail  cost.  With  the  cost  of  adding  additional  glazing  in  the  range 
of  $2.00  to  $4.00,  it  is  apparent  that  heat  mirror  coatings  can  be 
potential  competitors.  The  primary  factor  in  decreasing  cost  is 
whether  there  will  be  sufficient  demand  to  cut  production  costs.  5S 

SOLAR  MEMBRANE 

The  solar  membrane  is  another  type  of  transparent  insulation. 

The  solar  membrane  is  made  from  a  plastic  film  that  has  a  unique 
combination  of  properties  possessed  by  neither  glass  nor  other 
plastics.  The  solar  membrane  has  a  transmission  of  solar  radiation 
of  95%,  which  means  less  reflection  losses  than  glass  or  other  plastics 
The  transmission  also  falls  eff  less  rapidly  with  increasing  angle 
of  incidence,  than  it  does  in  other  materials.  The  solar  membrane 
has  a  transmission  of  thermal  radiation  of  only  13%,  which  is  lower 
than  all  other  plastics.  Solar  membrane  characteristics  allow  many 
layers  to  be  used  and  still  be  effective  for  use  in  solar  energy. 

If  four  layers  separated  by  a  3/4"  air  gap  are  used,  the  heat  loss 
coefficient  will  be  0.21  BTU/sq.  ft. /hr.  F  for  upward  heat  flow,  the 
worse  case,  and  still  transmit  82%  of  solar  radiation.  This  com¬ 
bination  of  solar  membrane  can  give  a  flat  plate  collector  saturation 
temperature  of  400  F  without  concentrators,  vacuums  or  selective 
blacks.  The  solar  membrane  has  characteristics  that  can  make  it  very 
useful  in  the  field  of  solar  energy.  The  solar  membrane  is  available 
at  35c  per  square  foot  in  larger  than  1,000  square  feet  quantities. 

This  is  the  same  as  single  strength  glass,  but  because  of  ease  of 
installation  would  be  cheaper  in  overall  cost.  If  the  solar  membrane 
is  purchased  in  200  square  feet  or  larger  quantities  the  price  per 
square  foot  is  $3.00.  5U 

OPTICAL  SHUTTER 
CLOUD  CEL 

The  optical  shutter  is  a  material  that  will  vary  its  transmission 
of  solar  radiation  as  a  function  of  temperature.  A  plactic  has  been 
developed  which  will  function  in  this  manner,  Cloud  Gel.  Cloud  Gel 
will  allow  solar  radiation  to  pass  as  long  as  the  material  stays  below 
the  set  point.  At  the  set  point  the  plastic  will  turn  opaque  white, 
thus  reflecting  all  the  solar  radiation.  When  the  material  cools  down 
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it  will  turn  transparent  again.  The  purpose  of  this  type  of  material 
is  to  help  pervent  overheating  that  can  occur  in  passive  systems.  The 
switch  from  transparent  to  v;hite  and  back  again  will  occur  instan¬ 
taneously  over  a  three  degree  celisus  temperature  change.  The  set 
point  can  be  tuned  to  any  value  between  0  degrees  and  100JC,  by 
adjusting  the  proportions  of  its  constituents.  Cloud  Gel  is  inexpensive 
to  manufacture,  making  its  use  in  passive  solar  energy  desirable.  5D 

PHASE  CHANGE  HEAT  STORAGE 
THERMOCRETE 

Another  material  that  can  be  effectively  used  in  passive  solar 
concepts  is  the  use  of  phase  change  materials  for  thermal  storage. 

The  unique  characteristics  of  phase  change  materials  is  that  a  large 
amount  of  energy  can  be  stored  at  one  temperature.  The  temperature 
will  be  that  at  which  the  material  is  going  through  a  phase  change. 

A  problem  with  most  material  is  that  it  will  remain  a  liquid  when 
cooled  a  bit  below  its  freezing  temperature,  because  of  the  lack  of 
a  seed  for  the  crystal  to  grow  frem.  Air.other  problem  with  most  materials 
in  the  liquid  state,  will  be  a  container  to  keep  things  from  getting 
messy.  The  problems  can  be  overcome  by  incorporating  the  heat  storage 
material  into  the  very  pores  of  a  foamed  concrete.  The  concrete 
will  function  as  the  seed  to  initiate  crystal  growth,  and  also  serve 
as  the  container  for  the  heat  storage  material.  A  concrete  has  been 
developed  with  phase  change  properties,  Thermocrete,  Calcium  chloride 
is  the  phase  change  material  for  melting  a;  room  temperature.  Other 
salts  can  be  used  to  produce  melting  temperatures  between  O^C  and 
lOO^C.  Thermocrete  can  store  twenty  times  the  energy  as  ordinary 
concrete.  The  compressive  strenght  of  Thermocrete  is  one  thousand 
pounds  per  square  inch,  approaching  ordinary  concrete.  50 

PARAFFIN  BASE 

Another  type  of  phase  change  material  is  the  paraffin  base 
material.  There  has  been  tests  conducted  to  determine  if  a  paraffin 
base  material  could  be  used  effectively  in  a  passive  system.  Results 
of  test  to  date  have  indicated  that  the  paraffin  based  material  cculd 
be  used  to  collect  and  store  solar  energy.  The  materials  developed 
can  store  up  to  250  STU/sq.  ft.  Another  benefit  of  using  a  paraffin 
based  material  is  that  when  it  is  liquid  it  is  transparent,  giving 
it  the  ability  to  function  as  a  window.  There  is  on  going  work  in  this 
area,  to  try  and  produce  an  even  better  material.  The  paraffin 
based  material  will  be  inexpensive.  5X 

POLYHEDRAL  WALL 

The  Trombe  Wall,  with  phase  change  material  used  for  thermal 
storage,  can  use  a  polyhedral  (honeycombs)  plastic  cover  instead  of 
glass.  The  polyhedral  plastic  will  transmit  more  than  60%  of  the 
solar  radiation  and  act  the  same  as  an  inch  of  thick  foamed  plastic 
(R-4  or  higher).  The  polyhedral  plastic  will  have  to  be  made  from 
a  plastic  '"hat  will  not  be  attacked  by  solar  radiation.  The  polyhedral 


page  5  1 


plastic  will  be  inexpensive,  and  when  combined  with  a  phase  change 
material  gives  an  effective  passive  solar  system.  There  is  further 
experimental  work  going  on  in  this  area.  5 

HEAT  MIRROR,  CLOUD  CEL,  AND  THERMOCRETE  USED  TOGETHER 

The  heat  mirror,  Cloud  Gel  and  phase  change  materials  can  be  stacked, 
as  in  exhibit  26  ,  to  produce  an  effective  passive  solar  collector. 


EXHIBIT  26 

On  a  sunny  day  the  solar  radiation  will  pass  through  the  heat  mirror 
and  Cloud  Gel  and  be  absorbed  in  the  Thermocrete.  The  rhermocrete 
will  start  to  melt,  when  all  the  material  has  melted  the  temperature 
will  raise  causing  the  Cloud  Gel  to  tun  white,  if  set  temperatures  are 
correct.  At  this  time  the  Thermocrete  is  completely  charged,  and 
prevented  from  overheating.  The  Cloud  Gel  will  not  be  affected  by 
outside  temperatures  because  it  is  shielded  by  the  heat  mirror.  The 
Thermocrete  will  thus  slowly  freeze,  but  stay  at  one  temperature.  If 
the  Thermocrete  melts  at  70'F  and  it  averages  30~F  outside,  and  there 
are  two  layers  of  heat  mirror,  in  a  24  hour  period  only  one  third  of 
an  inch  will  freeze.  Calculations  show  that  on  an  average  January 
day  in  Boston,  there  will  be  sufficient  solar  radiation  to  melt  two 
thirds  of  an  inch  of  Thermocrete.  Thus  with  this  type  of  system 
it  can  be  seen  that  even  in  the  terrible  New  England  winters  it  can 
maintain  a  comfortable  70*F.50 

MOVABLE  INSULATION 
NIGHT WALL  PANEL 

Movable  insulation  is  often  used  in  passive  solar  systems  to 
prevent  the  loss  of  heat  when  the  sun  is  not  shining.  There  are 
many  kinds  of  movable  insulation,  ranging  from  very  simple  to  complex. 
Four  different  types  will  be  described  to  give  an  indication  of  what 
has  been  develpoed  in  this  area.  The  night  wall  panel  is  simply  a 
lightweight  rigid  insulator  that  is  attached  directly  to  the  window, 
when  there  is  no  solar  radiation.  The.  panel  can  be  held  in  place 
with  magnets  or  some  other  convient  method.  The  night  wall  panel 
allows  single  glazing  to  be  used,  in  a  passive  system,  which  will 
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allow  greater  solar  energy  into  the  house  for  use  in  heating.  The  night 
wall  panel  can  also  be  used  to  keep  solar  radiation  from  overheating 
the  house.  Tests  conducted  with  night  wall  panels,  including  edge  effects, 
showed  that  an  effective  thermal  resistance  of  3.12  can  be  obtained 
from  a  one  inch  headboard,  including  the  value  for  the  glass.  5cc 

BEADWALL 

The  beadwall  uses  tiny  styrene  beads  that  are  moved  from  storage 
to  fill  a  gap  between  w indow  glazings  when  needed.  A  vacuum  cleaner 
motor  is  used  to  transport  the  beads.  The  motor  is  automatically 
controlled  so  that  when  the  sun  is  shinning  the  beads  will  be  in 
storage.  Exhibit  27  shows  a  beadwall  system.  There  was  no  thermal 
resistance  value  given  for  the  beadwall.  5CC 

EXTERIOR  SHUTTERS 

Exterior  shutters  can  be  used  many  ways,  and  is  an  effective 
and  often  required  insulation  for  passive  solar  systems  to  operate 
properly.  The  thermal  resistance  obtained  will  depend  of  the  material 
used  and  hew  all  the  edges  are  sealed.  An  added  benefit  of  increasing 
the  solar  radiation  collected,  can  be  obtained  if  the  shutters  are 
designed  and  used  correctly. 

SELF- INFLATING  CERTAIN 

The  self-inflating  curtain  is  an  automated  device  capable  of 
providing  an  efficient  movable  insulation  for  glazing  areas,  especially 
for  Trombe  Walls.  The  curtain  is  automatically  put  in  place  when 
there  is  no  solar  radiation.  The  curtain  will  then  inflate  from  the 
hot  air  raising.  The  hot  air  will  be  intercepted  by  vents  in  the 
curtain,  creating  an  increase  in  pressure  and  inflating  it.  How 
thick  the  curtain  will  inflate  will  depend  on  the  mechanical  stiffness 
of  the  material  and  the  gravitional  forces  acting  on  it.  The  curtain 
will  be  stored  in  a  roller  above  the  wall.  As  the  curtain  is  roiled 
up  the  air  is  evacuated  through  the  side  channels  and  the  slots  at 
the  bottom  of  the  curtain.  The  curtain  consist  of  a  number  layers 
of  thin  flexible  material  of  high  reflectivity  and  lew  e.nissivitv. 

When  the  system  is  inflated  it  will  reduce  the  heat  loss  through  the 
windows.  An  important  consideration  is  the  area  of  glass  to  be 
covered.  If  a  large  area  of  glass  can  be  covered  by  a  single  curtain 
it  will  give  the  minimum  infiltration  rate,  by  keeping  the  linear 
feet  of  crackage  to  a  minimum.  A  small  curtain  tested  had  a  thermal 
resistance  of  9.  This  was  considered  low  because  it  was  a  small 
curtain,  which  will  give  too  high  of  a  infiltration  rate.  It  was 
conservatively  assumed  that  a  curtain  that  would  be  used  on  an  actual 
system  would  have  a  thermal  resistance  of  12.  The  cost  of  a  curtain 
20  feet  by  17  feet  is  $4.28  per  square  foot  installed.  To  determine 
the  payback  period  a  curtain  was  used  on  a  Trombe  Wall  with  double 
glazing  in  a  9,0C0°F  day  climate.  The  curtain  was  assumed  to  have  a 
thermal  resistance  of  9,  which  is  low.  The  payback  period  for  Aspen, 
Colorado,  with  an  electricity  rate  of  three  and  a  half  cents  per 
kilowatt  hour  and  an  increase  in  cost  of  power  of  15"!  per  year  for  the 
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next  five  years,  is  4.2  years.  Considering  the  improved  performance 
and  the  cost  of  the  curtain,  this  is  an  effective  movable  insulation. 

HEAT  PIPE 

A  technique  that  is  being  tested  is  the  use  of  heat  pipes  in 
combination  with  a  water  wall,  concrete  wall  and  paraffin  wax  wall. 

The  characteristic  of  heat  pipes  that  is  useful  in  passive  solar  system 
is  its  thermal  diode  effect,  allowing  the  flow  of  thermal  energy  in 
one  direction  only.  The  heat  pipe  will  take  heat  from  one  end  and 
give  off  heat  on  the  other  end  only,  with  the  reverse  flow  prohibited. 
The  heat  pipe  used  in  a  passive  system  is  shown  in  exhibit  28.  5 

The  absorber  plate,  with  heat  pipes  attached,  will  collect  solar 
energy.  The  heat  pipes  pointing  up  through  the  insulation  into 
the  thermal  mass  will  transfer  the  collected  solar  energy  to  the 
thermal  mass,  when  the  absorber  plate  is  warmer  than  the  storage. 

At  night  or  when  cloudy  the  absorber  plate  will  cool  down,  but 
because  of  the  thermal  diode  effect  will  not  drain  the  storage.  This 
system  will  not  need  movable  night  insulation,  because  there  is  a 
permanent  insulation  material  between  glazing  and  storage.  Another 
advantage  of  this  system  is  that  whenever  exterior  conditions  allow 
the  absorber  plate  to  cool  there  will  be  insulation  in  place,  unlike 
other  systems.  In  test  conducted  the  water  wall  gave  the  best  per¬ 
formance,  but  the  paraffin  wax  wall  and  concrete  wall  performance 
were  close.  When  a  water  wall  with  a  heat  pipe  was  compared  to  a 
water  wall  without  a  heat  pipe,  it  was  found  that  up  to  more  than 
twice  the  useful  heating  output  could  be  obtained.  The  single  glazed 
water  wall  with  heat  pipes  had  an  output  that  was  nearly  twice  the 
output  of  a  simple,  no  night  insulation,  double  glazed  water  wall. 

The  use  of  a  heat  pipe  in  passive  solar  systems  will  need  further 
work  to  determine  the  optimum  configuration  and  number  to  use.  The 
heat  pipe  appears  to  be  a  very  reasonable  devise  to  use  in  combination 
with  thermal  storage  wails. 5 
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WINDOW 


WINDOW  DESIGN 

Windows  in  passive  solar  design  is  very  important.  To  get  an  idea 
of  how  important  windows  are  in  the  useage  of  energy,  there  is  about 
one  third  of  the  nations  energy  consumed  in  buildings  (residential 
and  commercial) .  Of  this  energy  consumed  two  thirds  can  be  affected 
by  windows.  Therefore,  the  proper  performance  of  window  is  very 
important  in  the  field  of  energy  used  in  buildings.  The  six  energy 
control  functions  of  windows  are  passive  solar  heating,  day] iglit ing , 
shading,  insulation,  air  tightness  and  natural  ventilation.  Recognizing 
these  six  functions,  one  can  begin  evaluating  how  a  window's  per¬ 
formance  can  be  improved.  The  following  stratagies,  in  window  design, 
will  be  discussed  concerning  improvement  of  window  performance; 
site  design,  exterior  appendages,  window  frames,  glazing,  interior 
accessories  and  building  interior.  Site  design  is  important  because 
by  altering  local  solar,  wind  or  air  temperature  the  thermal  perfor¬ 
mance  of  a  house  can  be  improved.  An  example  of  a  site  design  that 
will  improve  a  windows  performance  is  the  windbreak  upwind  of  a  house. 
This  stategy  functions  because  wind  direction  in  an  area  is  usually 
the  same  during  seasons.  With  the  winter  winds  coning  from  essentially 
one  direction,  a  windbreak  can  reduce  the  infiltration  rate  nd  con¬ 
vective  heat  losses.  The  infiltration  rate  is  reduced  because  the 
windbreak  will  decrease  the  wind  pressure  on  the  joints  and  crakes 
of  the  windows.  The  convective  heat  loss  will  be  less  because  with 
less  air  movement  across  the  window  the  boundary  layer  will  be  more 
effective  in  its  thermal  resistance.  If  a  planted  windbreak  is  going 
to  be  used,  it  should  be  located  downwind  a  distance  no  further  than 
one  to  one  and  a  half  times  the  building's  height.  A  fence  windbreak 
should  be  located  closer,  and  allow  part  of  the  wind  through.  By 
allowing  some  wind  through  the  fence,  the  turbulence  of  a  solid  fence 
will  be  evened  out.  If  the  wind's  direction  ch  ;nges  for  summer,  the 
cooling  affect  will  be  maintained.  5BB 

The  use  of  exterior  appendages  is  very  valuable  in  window  design. 
The  appendages  can  give  daylighting,  natural  vent  i-lation ,  increased 
insulation,  and  shading,  depending  on  how  they  are  used  and  what 
effect  is  needed.  During  winter  when  the  sun  is  shining  the  appendage 
can  be  opened  allowing  light  and  solar  energy  into  the  house.  At  night, 
or  times  of  no  sunshine,  the  appendage  is  closed  creating  an  air  space 
and  along  with  appendage  itself  will  be  about  equivalent  thermally 
to  adding  another  glazing.  During  summer  the  appendage  can  be  used 
to  shade  the  sun's  energy  and  allow  natural  ventilation.  Reflected 
ground  light  will  be  admitted  to  give  some  daylighting.  The  exact 
type  of  exterior  appendage  will  determine  how  effective  each  of  the 
factors  are  in  improving  the  windows  performance.  5 15B 

The  frame  design  is  important  to  window  performance  for  several 
reasons.  Hew  much  lineal  feet  of  framing  there  is  will  affect  how 
much  infiltration  is  allowed  into  the  house.  The  larger  windows 
will  let  in  more  solar  energy  in  comparision  to  the  infiltration 
rate  than  a  smaller  window,  but  the  amount  of  conductive  losses  will 
be  greater  in  the  larger  window,  unless  night  insulation  is  used. 

It  i3  for  these  reasons  that  the  sizing  of  the  window  area,  along 
with  window  perimeter,  should  be  carefully  designed  to  give  optium 
energy  gain.  The  direction  a  window  opens  will  be  important  in 
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allowing  air  to  either  enter  or  leave  the  house.  Also  of  importance 
to  window  performance  is  the  tilt  of  the  frame.  By  tilting  the 
window  frame  towards  the  ground  the  summer  load  can  be  reduced  and 
the  winters  solar  gain  largely  unaffected.  The  summer  load  is  reduced 
for  two  reasons,  the  amount  of  direct  solar  energy  allowed  to  strike 
the  window,  and  the  amount  of  solar  energy  allowed  through  trie  window. 
With  glass  the  solar  transmissivity  is  greatly  reduced  for  angles  of 
incidences  greater  than  57  degrees.  In  summer,  with  the  sun  higher 
in  the  sky,  a  greater  than  57  degree  angle  of  incidence  can  be  obtained 
with  the  correct  tilt.  Also  to  be  considered  in  the  tilt  is  to  insure 
that  less  than  a  57  degree  angle  of  incidence  is  maintained  during 
the  winter.  If  the  above  tilt  can  be  obtained  the  amount  of  solar 
energy  allowed  through  the  glazing  will  be  essentially  unaffected 
during  winter,  because  the  sun  is  lower  in  the  sky,  and  greatly  reduced 
during  the  summer.  5BB 

The  glazing  is  the  last  chance  to  stop  adverse  climatic  forces. 
Single  glazing  has  been  greatly  used  throughout  the  United  States 
and  is  the  least  effective  in  controlling  climatic  forces.  What 
can  be  done  with  multiple  glazing  will  be  discussed  later.  An  often 
overlooked  glazing  material  is  the  glass  block.  The  glass  block 
has  some  unusual  properties  that  can  be  effectively  used  in  energy 
conservation.  The  U  value  of  glass  block  can  be  as  low  as  0.->i,if 
a  double  air  cavity  is  used.  The  larger  the  face  area  is  the  better 
the  performance  will  be,  because  of  infiltration.  The  glass  block 
also  has  substantial  mass,  which  can  be  used  to  store  some  heac, 
which  then  can  be  radiated  into  the  house  at  a  later  time.  How  much 
light  is  transmitted  can  be  controlled,  along  with  the  direction  the 
light  comes  out  of  the  block.  Therefore,  the  s^lar  energy  could  be 
allowed  to  penetrate  further  into  the  room  and  onto  more  mass.  What 
kind  of  glazing  is  used  will  effect  the  amount  of  solar  energy  admitted, 
the  amount  of  daylighting  obtained,  and  the  amount  of  insulation 
provided  for  heat  loss.  583 

Interior  accessories  arc  numerous,  md  varies  greatly  in  how 
they  effect  the  performance  of  windows.  One  advent  ige  to  interior 
accessories  is  their  accessibility.  An  interest  in.:  accessory  that 
can  be  used  on  any  south  facing  window  is  t..-'  Ark-tic-seal.  The 
system  consists  of  a  guide  frame  with  three  film  shades;  cue  heat 
absorbing,  one  reflective,  and  one  clear.  Daring  winter  days  the 
heat  absorbing  and  clear  sr.ede  are  lowered.  The  solar  energv  will  heat 
up  the  heat  absorbing  film.  When  the  air  is  warmer  between  the  shade 
than  the  room  temperature  a  vent  opens,  allowing  the  air  into  Che 
living  space.  When  the  air  cools  down  lower  than  room  temperature 
the  vent  will  close.  At  night  all  three  shades  are  lowered  providing 
an  effective  insulator.  The  window  can  also  be  used  during  the  summer 
for  cooling.  This  accessory,  by  collecting  and  distributing  solar 
heat  at  the  window  vice  the  living  space,  alleviates  the  problem 
of  fabric  fading  and  glare  from  direct  sunlight.  At  night,  this  device, 
by  providing  a  good  insulator,  greatly  decreases  the  windows  losses.  5BB 

The  building  interior  will  greatly  determine  of  what  use  the 
admitted  solar  energy  is  to  the  house's  heating  load.  How  the  window 
is  used  in  the  basic  concepts  have  already  been  covered.  An  idea 
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chat  can  be  used  in  just  about  any  house,  is  to  place  some  thermal 
mass  by  the  window  to  store  what  solar  energy  is  admitted  into  the 
house.  Water  can  be  tised  for  this  very  effectively.  The  above 
strategies  give  seme  idc-a  of  what  should  go  into  the  design  of  a 
window  for  a  house,  for  then  to  be  effective  in  energy  control.  5B3 

THREE  GENERATION'S  OF  WINDOW  DEVELOPMENT 


The  glass  used  in  windows  have  gone  through  essentially  three 
generations  to  date.  The  "first  generation"  is  the  flat  clear  glass 
used  in  most  houses.  If  this  glass  is  used  as  a  single  glazing  it 
is  not  very  effective  for  use  with  solar  energy.  It  will  allow 
the  most  energy  through,  but  also  has  the  lowest  U  value.  Multiple 
glazing  can  be  used  to  increase  the  U  value,  but  the  amount  of  solar 
radiation  allowed  through  will  be  decreased.  The  "second  generation" 
is  the  use  of  heat  absorbing  and  glare  reducing  tinted  glass.  Their 
function  is  to  reduce  excessive  soiar  brightness  ,  like  putting 
sunglasses  on  a  building.  They  can  also  have  low  U  values.  There 
is  also  some  special  low  absorbance  glass  to  give  high  solar  energy 
transmission.  This  kind  cf  glass  is  usually  used  in  solar  collectors. 
The  "third  generation"  glassware  those  with  reflective  characteristics . 

A  thin  reflective  film  is  applied  to  the  glass.  This  type  of  glass 
can  have  a  range  of  reflectance,  absorbance  and  transmission  properties. 
The  successive  generations  of  windows  show  the  increased  consideration 
of  the  solar  energy  in  glass  advancement,  which  should  result  in  better 
performing  windows.  5T 

ENERGY  TRANSPORT  CONTROL  IN  WINDOWS 
A  new  concept  in  window  systems  designs,  uses  a  larger  than 
normal  interpane  separation,  with  Venetian  blinJ-iike  convection 
inhibiting  and  radi.it  ion-controlling  arrays'  Exhibit  29  is  a 
schm.itic  cf  a  be tween- thc-glass  convect ion-radiation  control  system. 
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EXHIBIT  29 


More  than  one  array  can  be  used  in  a  window  .  When  more  than  one 
array  is  used,  a  higher  R  value  is  obtained  and  greater  operational 
flexibility  is  achieved.  The  arrays  can  be  arranged  so  that  the 
maximum  amount  of  solar  energy  is  admitted  into  the  house,  and  so 
that  the  solar  energy  is  directed  to  the  thermal  storage  within  the 
house.  In  tests  conducted  with  this  type  of  window  system,  U  values 
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of  0.1  3TU/hr/sq.  ft./'r'  in  the  night t imc  node,  and  0.2  BTU/m/sc.  ft./J 
in  the  solar  acceptance  mode  have  been  obtained .  Even  smaller  U  values 
appear  to  be  achievable.  This  type  of  window  system  can  make  the 
window,  vcually  an  overall  deficit  to  the  house's  heating  load,  an 


this  window  system  is  a  good  example  of  what  can  be  done  to 


asset. 

improve  the  performance  of  windows,  a  very  important  part  of  passive 
solar  heating  systems.  5R 


At  present  multiple  glaring  is  the  usual  method  used  to  improve 
the  U  value  of  windows.  The  primary  disadvantage  to  using  multiple 
glazing  is  that  as  tne  U  value  decreases,  with  added  glazings,  the 
precent  solar  radiation  transmitted  decreases.  Exhibit  30 
shows  how  the  precent  solar  radiation  transmitted  and  U  value  varies 
for  different  number  of  panes.  Exhibit  30  indicates  that  multiple 
glazings  can  be  effective  in  controlling  heat  loss  or.  the  windows 
not  used  for  collecting  solar  energy.  As  previously  covered,  there  is 
work  going  on  to  try  and  improve  the  characteristics  of  windows  for 
use  in  a  passive  solar  system.  Then  the  disadvantages  of  glass  are 
overcome,  with  the  advantages  maintained,  the  performance  of  passive 
solar  systems  will  be  improved.  5 

WINDOW  QUILT 

Window  coverings  can  greatly  improve  a  windows  thermal  performance 
As  mentioned  earlier,  there  are  many  different  kinds  of  window  covers. 
Most  coverings  are  designed  to  work  with  windows  associated  with  a 
passive  solar  system.  A  concept  that  can  be  used  on  any  window  is  the 
window  quilt  insulating  shade.  The  window  quilt  has  five  layers, 
consisting  of  two  layers  of  polyester  batting  separated  by  a  vapor 
barrier  of  metaiized  polyester  film  with  a  decorative  covering.  The 
mounting  hardware  is  designed  so  the  the  shade  can  be  moved  up  and 
down  and  have  the  edges  sealed.  When  the  shade  is  all  the  way  down 
the  perimiter  of  the  sailed  is  sealed.  The  shade  performance  is  as 
follows ; 


1.  Window  Quilt  applied  to  double  hung  single  glazed  window 

a.  U  value  3.13  BTU/sq.  ft./hr/^F  without  window  quilt 

b.  U  value  2.30  BTU/sq.  ft . /’nr/°F  with  window  quilt 

2.  Window  Quilt  applied  to  air  tight  fixed  single  glazed  window 

a.  U  value  1.03  3TU/sq.  ft./  hr/3F  without  window  quilt 

b.  U  value  0.23  BTU/sq.  ft./hr/,-F  with,  window  quilt 

Hie  payback  period  will  depend  on  how  consior.  t  ious  the  user  is, 
but  should  be  from  2  to  S  years  depending  on  weather  conditions.  A 
nice  feature  with  this  insulating  shade  is  that  conventional  shades 
can  also  be  used  with  it  to  make  an  attractive  window.  5Q 


page  60 


iDpAVieS 


O.Z 


o4 


— r  1  r 
0-6  0-8  t-0 


/.z 


EXHIBIT  30 


page  61 


r 


THERMAL  DATA  REQUIREMENT  AND  PF. R FORMAN CE  EVALUATION 

Perhaps  the  weakest  area  in  passive  solar  heating  technology  is 
in  predicting  a  systems  performance.  There  are  simplified  techniques 
and  computer  programs  which  are  designed  for  specific  passive  solar 
concepts,  but  when  combinations  or  hybrid  systems  are  used  the 
techniques  have  to  be  modified,  which  usually  requires  a  working 
knowledge  of  both  computer  programming  and  heat  transfer.  Tj  further 
complicate  the  problem,  when  passive  solar  concepts  are  combined  their 
performance  is  not  always  the  sum  of  the  individual  concepts.  Tills 
lack  of  workable  methods  to  simulate  the  performance  of  passive  solar 
systems  has  resulted  in  passive  solar  heating  getting  a  bad  name, 
because  of  inadequately  designed  building  being  uncomfortable.  The 
siuation  is  improving  becasue  of  experience  gain  from  houses  with  passive 
solar  systems.  Therefore,  a  standardised  method  of  evaluating  passive 
solar  systems  should  be  developed,  so  that  systems  designed  will 
give  at  least  adequate  performance  and  preferably  the  maximum  per¬ 
formance.  The  procedure  may  require  a  computer,  but  it  should  be 
a  canned  program,  that  can  evaluate  any  of  the  passive  solar  concepts, 
combination  of,  and  or  hybrids  by  simply  changing  parameters.  Another 
problem  with  simulating  passive  solar  systems  is  the  need  fer  hourly 
weather  data,  which  is  very  time  consuming.  There  has  been  a  procedure- 
proposed  by  D.  Low  to  greatly  reduce  the  required  weather  data. 

The  procedure  reduces  the  years  hourly  weather  data  to  three 
"weeks"  of  hourly  data.  This  procedure  has  been  tested  and  can 
produce  results  that  are  99.611  accurate  at  about  67>  of  the  cost  of 
100%  accuracy.  A  description  of  the  procedure  is  presented  in  reference 
Conceivable  if  a  canned  computer  program  as  described  above,  could 
be  developed  along  with  reduced  weather  data,  the  optimum  passive 
solar  system  could  be  determined  for  a  particular  area. 

S T Al DA E 12ED  E  V A L U AT  ION  PROCED U RE S 

The  National  Bureau  of  Standards,  at  the  request  of  the  Department 
of  Energy,  is  putting  together  a  document  that  will  standardise  the 
evaluation  of  passive  solar  systems.  The  scope  of  the  documents 
is  as  follows; 

1.  Establish  pertinent  performance  factor?. 

2.  Determine  the  type,  accuracy,  range  and  frequency  c f  required 
measurement . 

3.  Identity  appropriate  instrumentation. 

A.  Recommend  data  analysis  and  reporting  techniques 

From  the  results  of  the  project  the  evaluation  of  the  passive  solar 
system  should  be  able  to; 

1.  Determine  energy  savings  of  fossil  fuel  and  electrical  power. 

2.  Determine  the  fraction  of  the  building's  hot  water,  heating 
and/or  cooling  load  contributed  by  a  passive  system. 

3.  Evaluate  passive  components  thermal  characteristics 

A.  Determine  the  building's  comfort  level 

5.  Determine  the  extent  of  occupan  interaction  required  for 
functional  performance  or  other  operational  requirements. 
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6.  Pete  rmine  the  system  degradation  for  the  measurement  period, 

7.  CL-t.xi::  insolation  and  oLher  ambient  environmental  data  for 
design inr  and  evaluation  purposes. 

For  further  details  cr,  the  project  refer  to  reference  5V.  This  kind 
of  work  is  the  kind  needed  to  get  passive  solar  systems  more  fully 
accepted,  and  should  result  in  easier  designed  systems  that  provide 
acceptable  comfort  conditions  to  homeowners.  5V 

SIMULATIONS 

SIMPLIFIED  TE CHN I QUE / C ROS LEY  HOME 

A  .non  computer  method  of  predicting  the  annual  performance  of  a 
passive  solar  system  with  minimal  heat  storage  has  been  performed  on 
the  Ores ley  Hone,  by  Andrew  M.  Shapiro.  The  method  uses  average 
monthly  sun  and  temperature  conditions  from  available  weather  data. 

The  month  is  then  broker,  down  to  full  sun  days  and  non  full  sun  days. 

It  is  considered  that  on  full  sun  days  there  will  be  an  excess  of  solar 
energy  available.  The  average  monthly  and  daily  heat  loss  is  calculated 
using  standard  procedures.  For  a  full  sun  day  one  starts  at  a  given 
hour,  and  calculates  the  heat  lossed  and  gained  during  that  hour.  If 
there  is  any  extra  energy  available  the  surplus  is  carried  to  the  next 
hour  as  heat  stored.  All  heat  storage  in  the  house  is  treated  as 
an  isothermal  mass  at  the  temperature  of  the  interior  of  the  house. 

When  there  begins  to  be  a  surplus  of  energy  the  house  will  begin  to 
raise  in  temperature.  The  greater  temperature  will  cause  a  greater 
heat  loss,  because  of  the  greater  difference  in  temperature.  The 
increase  in  heat  loss  is  tabulated  separately  from  the  heat  loss  if 
the  house  stayed  at  20UC.  For  the  next  hour  the  heat  loss  due  to 
increasing  the  interior  temperature  is  subtraced  from  any  surplus 
energy  available,  whatever  energy  remains  is  added  to  the  next  hour. 

This  process  continues  until  the  heat  storage  reaches  full  capacity. 

At  full  capacity  any  additional  solar  energy  is  not  allowed  into 
storage  (dumping) .  Losses  due  to  any  increased  interior  temperatures 
(overheating)  or  dumping  are  totalled  separately.  At  this  point  the 
only  sun  heat  being  used  is  that  which  is  keeping  the  house  at  20"  C. 

If  a  person  did  not  want  to  dump  as  much  solar  energy,  additional 
thermal  mass  could  be  aided  to  the  house.  After  the  sun  goes  down  the 
heat  stored  in  storage  will  be  released  until  room  temperature  is 
reached.  The  heat  from  storage  will  be  equal  to  the  heat  loss  for  that 
hour,  which  is  the  heat  loss  at  20'/C  and  any  heat  loss  due  to  the 
interior  being  at  a  higher  temperature.  One  full  sun  day  is  done 
for  each  month  using  average  nanimun,  minimum  and  mean  temperature, 
and  average  clear-day  radiation.  The  average  monthly  gains  and  losses 
over  the  heating  season  are  tabulated  as  follows: 

1.  Average  heat  loss  in  absence  of  sun  and  average  gain  from 
sun  arc  figured  from  the  average  daily  figures,  for  loss  and  gain, 
multiplied  by  the  number  of  days  per  month. 

2.  Full  sun  day  totals  for  overheating  and  dumping  are  multiplied 
by  the  numbers  of  clear  days  in  the  month. 

3.  The  results  of  2  subtracted  from  the  monthly  average  gain  from 
the  sun  will  give  the  useable  sun  heat. 
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4.  The  useable  sun  heal:  subtracted  from  the  heat  loss  in  absence 
of  the  sun  will  give  the  needed  supplementary  heat  needed. 

Exhibit  31  is  a  graph  of  the  above  procedure  used  on  the  Crosley 
home  for  a  full  sun  day  in  December.  Although  this  is  a  simplified 
method  to  simulate  a  passive  system,  it  is  obvious  that  it  will  be 
time  consuming  to  perform.  Considering  the  cost  for  the  time  to  work 
this  method  makes  the  computer  simulations  more  attractive.  The  problem 
with  computer  simulation  is  that  they  are  as  of  yet  not  flexible- 
enough  to  be  used  on  any  system  but  what  they  were  designed  for.  The 
computer  programs  can  handle  some  modifications  but  it  will  usually 
involve  modifying  the  basic  program.  This  kind  of  modification  will 
require  computer  programming  and  heat  transfer  knowledge.  A  compute'.* 
program  that  can  give  results  for  many  different  passive  solar  systems 
by  modifying  input  parameters  is  very  much  needed. 

COMPUTER  S I MU  LIT I CM /PASCLE 


PASOLE  is  a  computer  program  to  predict  the  performance  of  a 
Trorabe  Wall  or  a  water  wall.  This  program  was  select  to  work  with 
to  gain  the  experience  of  working  with  a  canned  comp-iter  program, 
and  to  see  what  kind  of  performance  could  be  obtained,  from  a  Trombe 
Wall  in  Corvallis,  Oregon.  Weather  data  for  the  program  was  collected 
for  the  month  of  December  only,  fer  the  year  1978.  The  winter  of 
1973  in  Corvallis  was  a  severe  winter.  Therefore,  the  percent  solar 
load  from  the  computer  run  will  be  close  to  the  minimum  time  could  be 
expected.  A  copy  of  the  weather  data  used  is  in  appendix  3  .  Tom 
Wilson,  from  Oregon  Department  of  Energy,  was  consulted  to  find  out 
how  to  use  PASOLE.  Ton  Wilson  has  used  and  modified  PASCLE  to  its 
present  state. 


A  copy  of  PASOLE  is  in  appendix  2.  The  program  can  be  run  from 
cards  or  a  terminal  .  The  terminal  was  selected  for  two  reasons ; 
to  learn  how  to  use  the  terminal  and  because  the  terminal  uses  less  tin 
between  runs.  PASOLE  has  been  constructed  as  the  source  program 
with  PASOLGO  as  the  object  program.  before  PASOLE  can  be  used  two 
files  have  to  be  created.  A  weather  file  and  a  com.-.-. and  file.  T.ie 
weather  file  was  created  from  cards  in  the  following  format: 


COLUMN 


DESCRIPTION' 


UNITS 


8  - 

9 

11  - 

12 

14  - 

15 

17  - 

18 

20  - 

23 

23  - 

29 

31  - 

35 

Year  (19  )  -  - 

Months  (1  -  12)  -  - 

Day  (1-31)  -  - 

1  Hour  (0  -  23) 

Total  solar  radiation  -  - 

on  a  horizontal  surface  W/M  2 

Wind  Speed  M/sec 

Dry  buld  temperature  deg.  C 


Hourly  weather  data  was  collected  and  put  into  a  file  named  weather. 
Tire  weather  file  has  to  have  data  for  24  hours  a  day.  The  first 
hour  of  the  day  has  to  be  zero  hour  with  hour  twenty  three  as  the  last 
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/•four'  of  -/fie  D* 


1 


hour  or  the  program  will  not  run  properly.  The  command  file  can  be 
easily  created  from  the  terminal,  and  has  the  following  command  inputs: 

CONTROLTMP  (next  line  gives  minimum  and  maximum  control  code 

temperature  for  night  and  day)  T-Min_nite ,  T-nax-nite, 
T-min-day,  T-max-day 

D  LONGITUDE  (next  line  gives  difference  in  time  longitu!-  and 
actual  longitude) 

HOURLY  10  (next  line  specified  starting  and  ending  days  for 
hourly  output)  MMDDY,  MMDDYY 


LATITUDE  (Next  line  gives  latitude  in  degrees) 

MONTHS  (Next  line  gives  the  number  of  months  the  simulation  is 
to  be  run.) 

RESNIGHT  (Next  line  specifies  R-value  of  night  covering  insulation 
for  wall.  Units  are  l/BTU/’F/sq.  ft.) 

STARDATE  (Next  line  specifies  the  starting  date  of  simulation, 
MMDDYY  format) 


U  LOAD  (Next  line  gives  the  load  value  of  house  normalised  by 

the  collector  area,  house  load/col  lector  area  (3TU/hr/°Ir/ 
sq.  ft.  of  wall).)  This  value  is  usually  about  one. 

VENTS  (Next  line  gives  vent  status,  0  =  no  vents,  1  =  vents  always 
open,  2  =  no  reverse  flow,  1  =  Thermostatic  vent  control. 
Default  =  0 

Al'X  COOLING  (specifies  whether  auxiliary  cooling  will  be  used 

On  the  terminal  a  number  of  command  files  can  be  created  so  that 
runs  with  different  parameters  can  be  easily  run.  An  example  of  a 
command  file  created  cn  the  terminal  is  as  follows; 

Note;  Underlined  material  to  be  entered  at  terminal 

1.  Log  onto  terminal 
Control  A 

2.  / EDIT,  COM  (Com  is  command  file  name) 

3.  Begin  text  editing 

4.  ?  A 

5.  Enter  text 

6.  ?  /  CONTROL  TUP 

7  •  ?  60-  75.  65. _ 75  . 

8.  ?  D  LONGITUDE 

9 .  ?  3  _.J*_ 

10.  ?  HOURLY  1  0 

11.  ?  120173,  123178 
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12.  ?  LATITUDE 

13.  ?  jOo 

14.  ?  MONTHS 

15.  ?  J_ 

16.  ?  RESNIGHT 

17.  ?  3 

18.  ?  STARTDATE 

19.  ?  12017S 

20.  ?  ULOAD 

21.  ?  J_ 

22.  ?  VENTS 

23.  ?  2/ 

24.  Ready 

25.  ?  END 

26.  End  text  editing 

27.  $  EDIT,  COM. 

28.  /  SAVE,  COM 

Now  the  command  file  COM  is  created  and  cars  be  used  in  PASCLE.  The 
data  for  the  commands  can  be  Icacted  anywhere  on  the  next  lire  for 
that  command. 

With  the  weather  and  command  files  created  PASOLE  can  now  be  run. 

The  following  steps  are  used  to  run  PASOLE  and  have  the  results  printed 
on  the  computer  printer. 

Note:  Underlined  material  to  be  entered  at  terminal. 

1.  Lot  onto  terminal 

2.  /  SETTL,  LOO  (sufficient  for  one  months  data) 

3.  $  SETTL,  100 

4 .  /  GET, WEATU.ER.COM 

5.  /~  GET ,  PASOLE/ UN  =  (file  it  where  PASOLE  stored) 

6.  /  FTN ,  I  =  PASOLE,  L  -  0 ,  B  =  PASOI.GO  ,  OPT  =2 

7.  /  SAVE,  PAS0LG0 

8.  /  ATTACH,  I MS L /UN  =  LIBRARY 

9.  /  X,  LIBRARY  =  IMSL 

10.  Library  =  IMSL 

1 1 .  /  TITLE  (PFTL)  Put  in  title  desired  for  output 

12.  /  PASOLGJ,  PEI L  ~  . . . 

13.  X  CP  seconds  execution  time 

14.  /  ROUTE,  PFIL.DC  =  PR 

15.  Route,  Complete 

16.  /  BYE 

At  this  stage  PASOLE  will  be  run  and  the  results  printed  on  the  printer, 
with  the  input  of  the  weather  and  command  file  used  to  give  the 
output.  One  mrnth  of  data  will  take  about  43  CP  seconds.  The  UI.0AD 
and  RESNIGHT  commands  where  considered  the  most  important  as  far  as 
system  prcformance  was  considered.  The  following  values  for  UI.0AD 
and  RESNIGHT  were  used  to  obtain  the  precent  solar  load  from  PASOLE. 


ULOAD 


RESNIGUT 


PERCENT  SOLAR 


1 

1.5 

1 

.5 

1 


1 

3 

3 

3 

9 


3.82 

7.89 

11.53 

20.55 

18.61 


The  actual  printouts  for  these  runs  are  in  appendix  3.  The  above 
results  show  that  the  percent- solar  can  be  changed  greatly  by  changing 
the  values  for  L'LOAD  and  RESNIGHT.  The  lower  value  of  ULOAD  in  an 


indicator  of  a 


;hter  house  as  far  as  infiltration  is  concerned. 


The  higher  value  of  PE S NIGHT  means  there  is  less  loss  of  heat  at  night. 
To  maximice  the  performance  of  a  Tromfce  wall,  ULOAD  should  be  a  minimum 
and  RESNIGHT  a  maximum. 

The  PASOLE  program  can  simulate  a  Trombe  wall  or  a  water  wall, 
bet  to  change  from  Troche  wall  to  water  wall  requires  modifying  the 
base  program.  There  is  an  on  going  attempt  to  create,  from  PASCLE,  a 
program  similar  to  F-chart.  This  program  will  be  of  greater  use  for 
designing  passive  solar  systems.  A  description  of  PASOLE  is  is  Appendix 
it  is  essentially  a  thermal  network  solution. 


EVALUATION  OF  PASSIVE  SOLAR  HEATING  SYSTEM  PERFORMANCE 


Once  a  passive  solar  system  has  been  built,  how  dees  the  user  know 
how  well  the  system  is  performing.  Bristol  L.  Stiekney  has  devised 
a  simple  method  to  evaluate  a  passive  solar  systems  performance.  The 
method  requires  only  a  pair  of  maximum  minimum  recording  thermometers. 

At  present  the  method  is  appl i cable  to  winter  heating  only.  The  foilowin 
are  definitions  of  symbols  used  in  the  evaluation  -'recess. 

ITMAX-Indoor  air  temperature  maximum 

ITMIN  -  Indoor  air  temp  rat  ur  •  mm.:-.;.:'. 


OTMAX  -  Outdoor  air  t ,per„t e  - 
OTMIN  -  Out  Jv  ar  air  U-.  m  r  r. 

ITR  -  Indoor  temper  .t  ram  • 


IT  MAX  -  ITMIN  =  IIM  ’.r;u.  \, 

OTR  -  Outdoor  temnerature  range 

0TM\X  -  OTMIN  =  OTR  (equ.  2) 

RR  -  RANGE  RATIO 

ITR/OTR  =  RR  (eq.  3) 

OTDY  (Delta  Tee  Daytime'  Thu  in,;, 
during  day 

IT  MAX  -  OTI LVX  -  OTLY  (equ. 
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OTNT  (Della  Tee  night)  The  indoor-outdoor  temperature  diff 
during  the  night 


ITM IN'  -  OTMDi  =  OTNT  (equ.  5) 

OTAV  Delta  Tee  average 

(OTDY  +  OTNT)  /2  =  OTAV  (equ.  6) 

ITAV  -  Indoor  temperature  average 

( UMAX  +  I TMIN)  /2  =  ITAV  (equ  7) 

OTAV  -  Outdoor  temperature  average 

(OTMAX  +  OTMIN) /2  =  OTAV  (equ  8) 

The  thermometers  should  be  placed  in  a  shaded  area,  inside  and  out¬ 
side,  and  reset  so  that  no  previous  measurement  will  be  recorded. 

They  should  be  set  up  in  the  morning  between  7:00  A.M.  and  9:00  A.M. 
and  left  for  2d  hours.  At  that  time  IT MAX,  ITM1N  OTMAX  and  OTMIN 
should  be  recorded.  The  data  can  be  taken  for  any  day,  but  a  cold 
sunny  day  will  tend  to  give  the  most  meaningful  results.  A  cold 
sunny  day  will  tend  to  drive  up  the  indoor  temperatures  and  tax  the 
limits  of  the  storage  mass.  5W 

Once  the  four  initial  temperatures  3re  obtained,  the  remaining 
eight  parameters  can  be  derived  from  quaions  1  through  8.  ITR  and 
OTR  establish  the  limits  of  the  indoor  and  outdoor  temperature 
fluctuations.  RR  establishes  a  reference  number  that  indicates  the 
quality  of  the  buildings  response  to  these  fluctuations.  OTDY,  OTNT 
and  OTAV  indicate  the  building  response  to  raises,  drops  and  fluctuations 
in  outdoor  temperature  respectively.  ITAV  is  an  indicator  of  the 
average  comfort  level  indoors  and  OTAV  indicates  the  average  severity 
of  the  outdoor.  The  absolute  accuracy  of  these  parameters  are  not 
necessary.  Cnee  the  eight  parameters  are  obtained  interpreting  them 
is  difficult.  Bristol  L.  Stickn^y  has  devised  a  chart  to  easily 
interpret  the  meaning  of  the  parameters.  Exhibit  ??  is  the  chart 
devised  by  Stickney.  5W 

The  RR  and  OTAV  values  are  used  to  determine  how  the  system  is 
performing.  The  OTAV  value  is  plotted  on  two  parallel  linos  offset 
to  give  the  limits  of  fluctuation  on  the  OTAV  scale.  The  OTR  scale 
is  used  to  set  the  upper  limit  of  the  RR  values.  The  OTAV  scales 
and  OTR  scale  will  line  off  a  comfort  zone,  zone  A,  zone  R,  zone  C, 
zone  D,  zone  E  and  zone  F.  By  plotting  the  point  where  the  RR  value 
and  OTAV  value  cross,  the  performance  of  the  system  can  be  determined. 

The  best  performance  would  be  the  center  of  the  comfort  zone,  but  as 
long  as  the  point  is  within  the  comfort  zone  the  interior  temperature 
stayed  within  comfort  standards  (60  to  75PF)  V.'hat  is  indicated  if 
the  point  is  within  one  of  the  other  zones  is  as  follows: 

ZONE  A  -  RR  too  high,  OTAV  is  too  low 
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EXHIBIT  32 


The  thermal  contact  between  the  storage  mass  and  the  collector 
is  inadequate 

Add  more  storage  mass  and/or  more  sunlit  storage  surface  area 
Add  more  insulation  to  improve  the  inadequate  thermal 
envelope  of  the  building.  (i.e.  night  shutters,  roof  and  wall 
insulat ion) 


ZONE  B  -  RR  is  too  high  OTAV  is  O.K. 


More  storage  mass  and/or  sunlit  mass  surface  area 
Venting  overheated  air  and/or  shading  the  south  of 
may  be  necessary. 


is  needed, 
the  buildin 


ZONE  C  -  The  RR  is  too  high.  OTAV  is  too  high.  Sane  as  ZONE  B 


ZONE  D  -  The  RR  is  O.K.  OTAV  is  too  low. 


The  building  needs  more  collector  area. 

A  better  thermal  envelope  is  needed. 

Add  insulating  shutters  and/or  more  in  the  walls  and  roof. 
Remove  any  southern  snading  devices. 

ZONE  E  -  The  RR  is  low  OTAV  is  O.K. 

There  is  no  solar  gain.  Either  the  building  is  being  heated 
by  storage  discharge,  or  a  thermostatic  space  heater  is  in 
operation . 

ZONE  F  -  The  RR  is  O.K.  OTAV  is  too  high.  Same  as  ZONE  B 

I 

This  system  can  be  used  on  any  type  of  passive  solar  system  in  any 
location,  and  is  very  easy  to  use.  This  type  of  evaluative  procedure 
is  needed  if  passive  solar  systems  are  going  to  be  generally  accepted. 
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CONCLUSION 


At  this  point  it  would  normally  be  approriate  to  present 
why  passive  solar  heating  is  the  desirable  way  to  go.  To  do  this 
would  mean  trying  to  point  out  how  passive  systems  are  better  than 
active  ones.  This  type  of  thinking  has  created  two  sides,  when  there 
should  only  be  one.  Initially  separating  the  solar  concepts  into 
passive  and  active  was  probably  good,  in  that  a  concentrated  effort 
could  be  put  into  each  side.  As  stated  by  Richard  S.  Levine,  it  is 
time  to  start  using  an  integrated  approach  to  solar  designing,  one 
that  would  take  the  best  from.  both  passive  and  active  systems  to 
come  up  with  a  1001  solar  heated  house,  except  for  puraping  power  and 
controls.  Our  present  state  of  design  is  like  the  first  powered 
vehicle,  the  horseless  carriage.  The  horseless  carriage  had  an 
internal  conbusticn  engine  on  a  vehicle  that  use  to  be  pulled  by  a 
horse,  which  was  an  awkward  arrangement,  kith  time  an  integra  ed 
approach,  was  taken  and  the  Model  T  came  cut,  which  is  what  is  going 
to  have  to  happen  to  solar  design.  An  example  of  how  a  non  integrated, 
approach  can  lead  to  not  the  best  design  is  the  F  chart  program. 

The  F  chart  program,  is  very  popular  and  accurate  within  the  range  it 
was  designed  for,  but  it  is  only  designed  for  active  systems  and 
gives  accurate  results  only  for  solar  systems  that  will  provide 
up  to  701  of  the  heating  load.  These  assuptions  are  cosolete, 
because  it  is  possible  to  design  a  cost  effective  house  that  receives 
all  it's  heating,  cooling  and  hot  water  needs  from  solar  energy. 

It  is  therefore  time  for  solar  design  to  get  out  of  its  infancy  and 
start  advancing  towards  an  integrated  apprcach.  Once  this  design 
becom.es  accepted  the  two  sides  can  work  together,  and  start  to  quickly 
advance  solar  design.  The  Raven  Run  Solar  House  has  been  designed 
from  an  integrated  approach  to  supply  1001  of  the  heating  from  solar. 
This  house  has  active  and  passive  collectors  side  by  side  on  the  south 
wall  to  optimise  the  solar  collection.  The  integrative  design  concept 
goes  beyond  maximizing  solar  collection  and  storage  to  what  the  house 
is  made  of,  now  it  is  constructed  and  site  conditions.  At  present 
the  biggest  problem  with  integrative  design  is  the  design  itself. 

There  will  have  to  be  simplified  design  procedures  developed  before 
solar  energy  systems  become  generally  accepted.  A  possible  hindrance 
to  integrated  design  being  accepted  is  that  passive  systems  have  been 
thought  as  for  architects,  ar.d  active  solar  systems  for  engineers. 

This  kind  c.  thinking  will  have  to  be  rejected,  with  both  engineers  and 
architects  working  together.  Together  is  the  key  word,  everyone 
working  towards  a  common  goal.  5A 

There  has  been  some  advancement  of  materials  that  can  improve 
the  performance  of  solar  systems.  These  materials  can  be  very  use- 
full,  but  unless  solar  design  becomes  generally  acepted  there  will 
be  no  market  for  them.  At  this  stage  then,  it  will  be  important 
to  take  the  steps  that  will  begin  to  make  solar  design  accepted. 

The  more  accepted  solar  design  becomes,  the  more  incentive  there 
will  be  for  improving  materials  for  solar  systems.  A  weak  incentive, 
by  the  governments,  is  the  tax  incentives.  The  problem,  with  tax 
incentives  arc  they  encourage  systems  that  supply  the  minimum 
percentage  of  the  heating  load  by  solar  energy.  Then  just  the 
opposite  should  he  encouraged,  the  use  of  larger  solar  percentage  units. 
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The  one  area  whore  an  ir.tcgrr.tive  design  would  not  be  applicable 
is  in  retrofitting  existing  houses.  The  active  systems  are  probably 
best  suiLed  for  use  on  houses  already  constructed.  Passive  systems 
can  be  retrofitted,  but  their  performance  '.■■•ill  not  be  eqtiili valent 
to  new  construction,  as  it  can  easily  be  with  active  systems. 

Solar  energv  can  supply  a  major  portion  of  household  heating  needs 
Kow  much  of  the  nations  household  heating  needs  will  be  supplied 
bv  solar  energy  will  depend  greatly  on  the  direction  taken  by  solar 
designers.  Exhibit  ">  ■'  shews  how  available  energy  is  used  in  the 
United  States.  -  The  flow  of  available  energy  shows  that  the  house¬ 
hold  and  cor.nc.ric.al  area  is  a  very  bad  user  of  available  energy.  If 
solar  enertv  systems  could  become  generally  accepted  it  could  consider 
ably  improve  cur  nations  use  of  available  energy.  This  should  be 
a  considerable  incentive  for  both,  government  and  the  private  sector 
to  push  ho.od  for  solar  energy  use  in  households  and  c :  mo  rieal 
building  r .  At  present  there  is  a  goed  start,  but  solar  design  is  new 
at  an  important  crossroad,  if  the  integrative  approach  is  not  taken, 
solar  energy  systems  will  net  be  very  successful!. 
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lOAJCDAYC  £  IF tlOAY.GT. IO^EkYR)  IOAY=i 
CmLu  OAYLY 
u  r  w  u = o  . 

IF  (jATE.Eu.iOl)  iPRiNTH=l  $  LF  13ATE,E4.  Z-J2i  LPiiinTh  =  Q 
if  (  i  IP-C  N  In  .  £U .  1 J  •  0  k.  ( I  P\ In  T  J  •  EJ  •  1 )  )  PRINT  4333  , CATE 

IF  CPRINTH.  EG. 0)  GO  TO  245  - ~  - - 

C  P\if,T  tiiAuE.\l>  FOR  MGj.x.Y  POINTING 

I F  (  n  n  ~  L  .  •  EU  «  0  >  r'KiNT  4  0  34 
*f  UHiu.»td*l)  ?  t\  I N  T  4  3  0  -♦ 

IF  (  Nhi-w  .tQ  .2)  PRINT  43  02 
2ti  wdNilNdi 
C 

C - TIME  INCREMENT  LOOP 

-  30  1GG3  ITI ME=1,NTIME1 - 

uTIrtE=ITIMt-l  $  IFCT1ME.EQ.0)  lTIHE=nTIME 
.iriiiE=fir  i.iE*  t 

Get  I  =0E- T 1  £  TIrtE  =  TI.NEOEi.r  £  TI  ,M£x  =  TI  ME* 24  ./ TPEROA f 
<1 0  nN G  =  J 

ilMSuM  =  3tMSUM40Et.T*s<rtZ  S  01  SJM  =  OI  SjMy-OElT^QINC 

<N0  =  1  S  IF(  TImEa. GT  .r.HO/xN.AN  J.TIHEa  .lCTEVEN)  <NC  =  2 

<S.-1UT  =  -1  £  i F { XNO . EG. 1 • AN  C. RE  SN2 • GT  .0.01)  X  S  rt  0  T  =  1 

- ■<;£:iur  =  <iHur*'KOOOL - - 

C 

C  SET  M»a  Ainu  MIN  TEMPERATURES  FOR  THIS  TIME  PERIOD 

IF  l  (  C  MEa  .UT  .THCrN)  .ANO.  (C.MEX  .uT  .T.NluHT  >  >  GOTO  255 
250  T  0  Mi  S  =  T  G  Mi  N.N  £  TCmAX  =  TG.MA x.J  S  GO  TO  2o3 
255  rOHiN=TOHIiNO  £  TGMAa=TGMAa3  -  —  -  -  — 

2o  0  GOnCNOc 

TOOuLCOMAa  £  TCMAXl=TGMAx 


CAii  SUNS RC 

c  , 

IF  (  ahUX^L  .EG  •  0  •  A  N  o  .T  <a  >1 3  .GT  •  T  C  M  A  A )  T  u»M  A  X  =  T  m  ri  3 
IF  InI0.cU.-1)  T(iv)=TCMIN 
IF (XiO.EG. +1)  riiC)=TCMAX 
Ir  { si  0 • EQ  ,2 )  T(iC)=T0MIN 
1 2  d  3  =  3 

2a  3  JuNTINUE - -- - - - 

I2d3=I2dO*l  • 

ir(i2d0.uT.5)  GO  TO  1675  _  .  . . . 

NSTcP  =  NSTEP*,1 

0 - ITERATION  .OOP  F3n  TEMPERATJRE  OEPENCENCc 

JO  -jOG  i  TER=1 » IT  HAX  -  - 

N  C  A  wC  =  NumlC  *  1 

C----GET  uP m » a P * CONG » T ( FIXED) t SC ON  -  CGUuD  3E  F(T) 

-  -  'OA'_„  P.RJP  . -  - - 

iF  {.iTlME.EQ.l)  GU  TO  303 
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-33  3  " 


320 
-43  3 
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G 
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*♦41) 
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46  3 


0Ai.OU.ArE  G  UEFFI C IEMT  S  AC,J>,  3  l  J )  FOR  NODE  EuJATIONS  " 

DO  *,3  3  I  V  - 1  ,  N  V 

I  =  ly  <IV)  S  3UM<r  =  3.  -  - 

uJ  3GG  JF=1,NF 
J  =  cl-  ( JF) 

S'JMxI  =s JMXT  ♦CuNu  ( i  *  J)  ’’f  (JO 

3  l  i  v  )  =  0Ph  (I )  *TO  C  )  /  OELT 4- AC*  (S(I)  +SUH<T)  ( 1 . -FAu)  *CPMC)  *QF ACO  (I ) 

IF  (  KC-.LC  •  EU  .2  )  GO  TO  4GJ 
UJ  3  2  0  JV=1,NV 
J  =  u Y ( J V) 

ACy,  JV)  =-FAC*CCNOC,  J> 

IF  (i.EJ.J)  aUV,  J  V)  =  CPM  0/0  El.T  +  FAC  •  (SCON  1 1 )  ~SP  (H  > 

^*/N  T  i  N U c 

GuNCNUE  - 

IF ( nUm. 0 . EU • 2 )  GO  TO  450 

SjlyE  E0u«T  I  of.37.  5JM(  A(I.  J)»TIJ>]=3  (I)  5  1=1,  NY 
r  J  R  T  (  J  )  -  a  N  o  P  t  •*%  3  i  N  3  A  R  R  •.  Y 

THE  M  4  T  \  I X  m  i  S  Mu  J  IF  I E  0  S  f  Trie  I M  o  u  SJ  3  ROUTINES. 

iF  TnE  MCxiX  A  15  NUT  SYMMETRIC,  THE  FJ.uoWINS  GOJc  MUST  3£  USE1 
GA.w  (.EUTIF  (  .  ,  1  ,/,Y  »NMA  A  »  5  »  3»rtXAtEA,I£.R) 

-  OU  RRtf;  TL  Y  ,  SYMMETRY  IS.OiVcN  h  m’En  uO:u(i  1  J)  IS-  a  Y  MM  ET  R  IS  A  NO-  T  HE 
r  j.tirtihy  .5  APPlIGA-JuE 
GhUu  Yu  RTFS  (A, NY , N  M  A* , A ) 

u*,.u  wEilS<4fNYfJ,lfiNMAAj_3,  I  w  <  A  .-iE  A  ,  W  <  A  RE  A  ,  I E 1*. ) 

O.NcuX  Tj  ate  IF  TriE  ANjHEnS  H«yE  UUN VERGED  YET 
N  t  R 1 \~<j 

00  *.43  I  V  =  1  1  NV 

1  =  u  y ( I V )  £  rGuEuS=T<I)  £  T  < i ) =3 ( I  V)  5  E*RT C ) = TGuEoS -T ( I ) 

ir  (  mC  S  (  ERKT  (  I )  )  .  G  f .  TulT  )  f)E*xrx  =  NE  \x+  1  -  — - 

CJNi  iMJE 

IF  ( iil.*,\.  Eu.  0 )  GO  TO  520 
GU  i C  5  G  0 

SlMPulricO  CmLCUuACON  ( SEE  PRiilE)  fC 
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C* 


+  6  2 
+  6  •+ 
«*8  0 


500 


Ia=nF (10) 

3  J  -» c  G  I  V  =  1  i  n  y 

i  =  w  i/l  iVI  4  T  l  X  )  =  0  • 

JJ  ,dl  J  w  =  1 ,  N  V 
Ir(NLHUT)  +  c+ ,+o+ » +o2 
r  tn=r  <:>  ♦FNtxv.Jv.iO’St  jv> 
n:*  =  ;(i)*Fj(iv,jv,iA)*3Uv» 
Co.Ni  i suE 
Go  TO  520 


i  go  rr+3r 


CO  4  f I  SUE  . 

E:,J  OF  XTER+TaON  LOOP.  .  F  H:  o£T  HERE,  AE  JIO 
ThE  Fjlw  f4  U  A  8  c.  i\  OF  ITERATION^  NiTriUUT  CON  MERGENCE  < 

-  IFtXTMAX.GT  .1)  XERR^LRR*  1  - ~ - — - 

5  2  3  G  u  N i I S  J  E 


5  +  0 


5o  0 


■rltAF  i.'lj  OR 

Ci  w  I  *  %  -  u  •  S  — .  ... 
JO  5tG  L T  =  1 1 NT 
I--i  (IT) 


CUulING  JF  CO  NT  Ru.  NOOE 
aF(.<1C.EQ.0)  GO  TO  560 


■T  ( I )  ) 


C 

c* 

c 

c 


00 1 =  OC  IN^COnO  (  XC,I  >M7  (I  C) 

0Ci.4  =  0ClN-3P(iC)%r  (10)  -SILT 
IF(nXl.EQ.2)  GO  TO  600 
CO. 4 1  XS'OE 

IF ( sOElT .EU .0 . ANu. I26Q . EO .2)  GO  TO  800 

Chll  control  4  -icuT=frac*ce_ti 

XFInuELT.Nc.C)  GO  TOeOO 

OELi=jE_T1  S  IF(KXCHNG. EQ.0)  GO  TO  800 

GO  TO  260 


JLhT i UnG 
6  0  0  uO.ii  X  N  J  z. 


FCR  OoTPJT,  NEXT  T XNE  STEP  uOOP 


C 

C 


o 

c 


60  6 


k  J  o 


C«w-U-Af£  FORWARD  AND  REVERSE  FwO^iS  ALONG  EACH  CONNECTION 
JO  o0a  J=l,NCuNN 

Ow12G  =  QC12{  J)  S  X1=I1C3N(J>  5  I  2  =  1  2CO.N  (  J  ) 

UC12(J)=CGNi3(Ii,I2>M7(ill-MX2>) 

I F  (  riT  X  ME  «  EO • 1  )  GO  TO  60  a - -  - - 

CAl..  sGNIhT  (uw!20*.3l12(  J)  ,F A„ X , OEuT , 0SQC12 1 , OSOC1 22) 
3001211  J)=SUC121(  J)  +0600121  _  . 

SCO  122 <  J)  =SUC122  <  J)  OG3C122 
CON i INUE 


620 


COMPUTE  COOlING  DEGREE-TIME 
iF(.XkjACL.NE.O)  GO  TO  806 

JJ  Jh  =  OE.  7*  (  .5  *  (T  ( IC  H-T3  ( I CT  )"-  TCNA  XlD  t~'I  F‘(  OOlJHvlT'A  Qv  T  "OOUH-Oi 
Jj-1  =  ^GH+'JjOH 

Con)  I  mu  £  ..  . 

COMPUTE  HEAT  Flow  IN, lot  OF  EACH  NGCE,  QFACO(I) ,qcon (I) 

JO  -s G 0  I  T  =  1  ,NT  .  .  .. 

*:.T (IT) 

-*SRC J  =  QS RC  ( I)  S  OCCNO=CCON(I) 

US-xC ( I) =  S ( I) ♦GP(i) *T (1/  -  — 

-..CON  (  x  )  =  0  . 

jj62uJT=1»NT  . . 

J  =  _  f ( JT) 

00  On  l  i)  =  QwGN(i  )  fCONDd,  J)  *  (  T  ( J)  -T  ( I)  ) 
uENsl.O  4  IrlGP.H  (I)  .uT  .0.)  Oc.N=CPH(I) 
v^FlCC  (I)  =  ( USx  C ( I )  *  J  C  ON  ( X  )  )  /DEN 
TO  (i) =7( i> 


0SRC2) 


600 


lF  <  S TIME. £3. 1 )  GOTO  500 

IiTcU\AIE  TJTA*.  HEAT  IN/ JuT  FkOMSOURCE  EOUAT.ON^ 

i.  ~  -  l  a  oN  X  N  T  (  Ca^GC,  G  j  E  j  (I)  ,  F  +  CX,  OcuT  ,  .9  30SRv.l»CS03 
o  0  i  R  G  1  (I)  =  3  OGRG 1  (I)  *•0  i  03  R  C  1 

j . < j \ . 2  (I  )  —  o l 3 tv ^ 2  (2  )^0uJaXG2 
X4Tuj\AIE  HEAT  iI./jOT  2Ji  Tj  F  lO  W  ACROSS  CONNEC  T  X  C  NS 

v.*"  —  l  SjILNT  ( „  C  0  N  C  •  0  „  u  N  II)  ,  F«v.X,  UclT, OS  JCO-4l,OjO*^ON2) 

Jli-GNl  (  I)  =sQvUNl  <i  )  ♦•OSOC  Jfll  - - - - - 

j  0  -  0  N  2  (I )  =  S  Ou  C  N2  ( I )  *■  OS  GO  j  .N  2 
C  J  N  f  I  M  J  E 


L 

C- 


-  r 

- jJ  ( 

OC 


OA  St  AUXILIARY  SYSTEM 


9  0  2 


'jr 
<i 
C  J 
IF 

i  r 
I  F 
a  r 


(NTXNE.EJ.il  GO  TG  910 
nt  ..  iNij.  LwO.lfiu  —  —  O  V  6  T  Vl.41  .lATXON, 

:..r  =  jelT*  (FmC.  ♦coin t  i  i.  -f«cx  )  *uui  no> 

(n  —  vH'4G.c.N.0.Jk.RC-lT  .'it.OJ  O  TO  902 

4 . L  5  X :  6A 1  .N  4  i  F  (  K IC  .  EU.  0 )  uFR«L=Fr<AC  4  _OC  INT  =  'JL InT *UFR AC 
C  fl  N  ■j  -  0 
n  r :  ■  4  u  e 

(  ...NT  .GT  .0. 0  .  A  N  O  .  T  A  N  J .  GT  .  T  J  N  .  N )  QVrlT  =  0  V  H  T  ♦  QC  I  i  4  T 
(..C.'.r.Lf  .O.'J.Ai.U.T.'8-J.lE.  f.J).  )  0  VC  l  =  Uvl-P.j  Cl  ixiT 

( ^.  C  .  *#  I  .GT  .  0  .  J  «  A  i  i  U  •  !  A  1  d  .  .  .  T  ^  N  i  iv(  )  U^.HT”OmHT  PJU.f.T 
(  u  G  j.  4  l  #lT  .0.0.A!iJ.TA1u.jT  .TgJJl)  C^LL-U^LA^UoiNT 
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C 


P-iZ  isT  HjUklT  FuGW  VA-'OES 
ir<*PRlN7n,E./.0J  b  0  TO  9  L  Q 

Ir(i\w-.‘__.ca.2j  j  0  TO  •*2  5 

print  oci2(  j) ,  j=i ,  j)  , 

i  i r (i) , :  =  i, &)  -  - - — 

go  r o  •*  i  c 

90a  PRIr.I  t*  iOl,  TIME,  S  (1)  ,$(  J*A)  ,  S  (  JWm*-1»  ,aC12<  L)  ,CC12(2)  , 

1  (0-121  J)  ,  J=7,  U)  ,  (TlIJ  ,1  =  1.  11) 

J 

919  GC  I ;«u=  0C  IN 

IF  (NIC "i f* o •  E J .  J  )  ooro  9  29 
GE_7  =  «.c.MA.1N*uEwT  1  S  GOTO  2d  0 

92 a  continue  -  *  ~  1  ~  — “~ 

orwo=orwo*-r  (i> -r A.ia 

0  ENG  GF  TIME  STEP  LOOP-  3 J  MEaT  TIME  INCREMENT  NOW. 

LOGO  J  0  N f  «  N  U  £ 

OT Wo  =  i. I wC/NT IMEI  —  -  - 

> 

\  PRINT  r  0 T Alc>  Fj\  this  OAT 

. .  IF  (  _P-UNlo.  £0. 3)  GO  TO  1190 - - 

PRx  mT  GdQa,  GATE,  OAT  .MG,  OVHT  ,  QVCo.UAHT,.3ACv.,  CO  »QSP»0£C»0TW0 

IF  _  ( 1 ; RC  PR. EG . 0 )  GOTO  1100  . .  _ . .  ....  . 

P  Rx ;« T  3  0  Ce 
-3  1020  IT=  l.NT 

I  =  l  7  ( x  7 )  ..  .  . 

102  0  PRiuT  30  0  7,1  , SOSRCl  (I)  ,  S3 SRC  2 (  I)  ,  SQCONM  I )  ,  S0C0N2  (I) 

^1100  CONTINUE 

:  —  GUMS  F*R  SUMMART  PRINT 

H=M-N7h  5  HOT  (M)  =  MG  $  33UMM  C  M , 1) =GG  5  JSU.IM  <M  ,  2  )  =  0  . 
03UH.M1M,  2)  =  uSU,MM  <M,  2)  +SOC121  (  1)  *G  00122  £  IT  4-SUC12U  J’HA  +1)  * 

1  SO- 122<  JwA  11 

aaJ.>,M(M,3)=GVHr«-QMHT  S  QSUMM  (rt,  A)  =Q/Ci.«- CACL 
OsU.-iMM,  5  )  =  3. 

-  -  00  1130  J=1 » N JS - 

A:I  JU.t  J  ) 

1130  as  JIM  £M,  5)  =USuHM  <M,5>  *3QSh.Gl  (I) 
aaJ.lHiM,6)=G0wl21(JCP) 

Ir(jCrt.GT.Q)  OoJill  ( .1,  o>  =QSJNrtlH,6)  ♦SGC121  ( JCWI 

0  3  J  M  N  <  N  ,  7  )  =  0  A  G  i_  i  IF(<AJ<Gi_.Ea.O)  JSU  ,1.~l  l  M ,  7  )  =  GOH  - . 

03  J.'ifM.M,  6)  =UI30H  l  UiUHMC.M,  9)  sOHiUfi 
xF(xF\xnt*i.Eq.o.)  go  rj  12J0 

_ _ _  . .  n  %  r  ..r  ,  x  t  u  .  a  .j  .  i  r  .  j  ...  .  \  ^  .  i  r  _ \x  .i _ _ -  - 


lloO 


p  ri  nt  3  o  1 7 ,  m  ,  m o ,  q  v h  t  ,  a i/  Ow ,  a  a h  t  f  oa *c  cvoo - 

PRx  > « T  30Gb 
00  lloO  I T  =  1 1 N  T 
I  =  _  7  £  x  T  ) 

PR  In r  3J07,x,iOSPsCl(I)  , SQsRC2(I>  ,  SOCONKI)  ,S0C0N2  (I) 
CON  T INUE 


--  sonnet  pkint-uf  ncntmut-sums - 

N  13  =  3 

00  1210  K=1 , NG3 

sjm  i  u  r  <  o  =asu.M.t  (n.mo.kj 

so  ‘ini  =  as uhh  (i,<)  - . 

30  1210  ;-l  =  2,N.MO 

SJ1(i2  =  0aUH.H(H,/O  5  Qi  J  M  M  ( ,M  ,  K)  =30M.t  2  -SU  MM  1  $  iU.MMl  =SJ  MM  2 
.F  (  Uf.I  T  3  .EQ  .2  .  ANO.<.Gf  .  1  >  '  QS  UMM  <  iM  ,  iNF  =  QSUMH  (H, 0/1000  .  — 
.210  CONixNJE 

xF(n^OaCL.EO.G)  PRINt  3  0  2-3 
J  \  I N  7  3  o  1  ■* ,  M  T  *  ME  ,  NS  T  c. P ,  NCA k.  C  »  KE RR 
00  1220  N  =  1  ,  l,MO 
MjMxr  (  M  ) 

xF  £  wL-H  M  (;i,  b)  .lE.C.  )  aSU.M,M<  M  ,6)  =  1. 


PC  T  jCL  =  1  QO  .  *  <  1  . -CSUMM  <  M  ,  3  I  /uSUMM  ( '1,  t  )  1 - 

1220  Pnx'<T  3  0  21  ,  1  u  ,  (  G  S  U  »*l  M  (  M , 1  ,L=i,Na  — )  ,  P  C  T  b  0  L 
I F  (  j  u  M  T  J  T  ( o  J  .  i_  E  •  C  . )  SU1TG7  (  a  )  =  1  • 

PC7jL^  =  10u,  Ml.-i>UMTU7t3)/3JMT07  <  b  )  > 

P  x  i  ,  T  302  /  ,  ISUHI  GT  (K)  ,  R  =  1  ,  N  4  5  1  ,  P  w  7  S  3L 

» 

•s 

I F  <  xP-o.M.EQ.O  )  GO  TO  1300 

3  --  P:tI.Ni  jVERALl  SUMS  OF  r<JjE  ANO  CuriNEC  TxON  H£AT~FlOWS - 

PRInT  a023,UV.Mi  ,  QVCL,  CAriT  .OAC^.aO 
P  \  I  i.T  3  0  0b 
00  1230  I T  =  1 ,  N  T 
x  =  L l  (iTI 

123  0  P.<  x  i,T  30  0  7,  i,SOjr<Cl  (I)  ,  SaSRC2  (  I )  ,  CQ'CUN  1  ( I )  ,  S000N2  IH 

P%x,,7  3j2S,(J,ilLON<J),I2bJN(J),JaC12lU»,SaC122(u),J=i,  NCONNT 


0 

O 

< 

Q 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

O 

© 

© 

© 

•’i 


c 

1303  Continue 
oj  ro  1700 

1675  P\I„T  4005, MO, JAY, ITIME.KIC, FRAG, nEMAIN 

i/oo  con tinge  . .  — - - - 

C 

C - F  0  R  M  «  T  S - 

4 

2  99  9  FOR.-i-T  < /‘PASSES  -  PASSIVE  SOlAR  EnERG  Y* ,  3X  A  1  0 , 3XA 1 0) 

300  1  FoRnAT  (  /  ♦  Si  S3  NU  CuN  V  E  -\GE  NO  E  AT  iTI.NE  =  *I3,*,  JAY=*I2, 

1  *,  .MwN  T  h  =  *  -  2  *  5*  *NEi\R=*  I  3  /  5  v  *  £R*T  (  I)  =*/  (  1 GE 12  *  4)  ) 

30  0  2  FJRmAT  (  //5X*TxrtE*,‘.>A*aAf  *,3x*.1C*,5x*T(IC)*,  7X  *  UCI  N*  ,  7X  *Q  SRC  l  IC  »  * 

1  ,  4a*GCCN<IC)  *,2X*FRAC»/E12'.4,2:5,  * E 12 ;'=» f F 6.3) - 

3003  FjR.1A7(/4X*j.*,3».*<F*,5X*r*.  1  lx*  OoRo  *  ,  3  A*  UCUN  *  ,  o  a*  S*> 

3  J  0  4  F  j  %  ,i  m  1  (215*  4  E 1  2  #  4  ) 

30  0  ?  FGR.1A7  l  /  2a* GATE*  .  2  x*0  AY  ♦  ,  3X  *  HQ* ,  5  a  *Q VHT*  ,  d  a  *JV0L*  ,dX  *QAHf  *, 

1  3X*k.».C..*,dA*uJ*/.i.o*2i5*5£12«4/5A*U:sP*,9X*jEG**9A*jf'nj*/3ci2»4) 
33  0  &  F JRM„ T  (/**A*I*,5A*iOSRCl**DA*iaSRu2  +  ,  6X *SGC0N 1  * , oX*S 0G0N2 ♦ > 

3J07  Fj\,NMT(i5*4£l2«4) 

30  13  FJR.-UT  < /3a*:T*,tA*I*,5a*T*»11a*CPM* ,1X*S*, 11X*SP* ,10X*SCON*> 

-  3015  FORMAT  <215,  5E12.4) - - ~ - 

3017  FJRmATI/*  MONTH  I  NGEx=*  1 3  *  5  X  •MONTH  OF  YEAR=*I3/ 

1  5a*0VmT  *  ,oa*UVCi.*,  3x*QAhT*,  <JA*CACu*,:)X*0i3*/5El2.4)  .  _  . 

3019  FOR, OAT  (/♦  jUMNA\Y  --  NT  Hc=  *1 5  » 5  a*NST£P=*  15  *  5X*  NCALC  **  15  * 

A  3A*KERR  =  *Iy//3**MG*,2».*GEG  U4^  i 

1  3  A*GjUT  ♦  ,3a  *QME AT*  ,3x‘dOU3_*,2X*QoOLAR*f  3X  ’G..0  AO*  ,  4  X*JA  C_*  , 

2  3x*GilNC*, 2a*PCTS0l*) 

3  321  F  J Rm» 7  (  i  5  ,  ck F  6  •  0  *  F o  •  2 ) 

3023  FORMAT  <//♦  TOTALS*,  5  X  *  J  V  M  T  *tS  a*RJ  V  CC  *  »  !)  X  ♦  U  AH  T  *v  3  X  *"srA  0  L  *T  3  X*~U  0*V - 

1  7  a  ,  5E 12 . 4) 

3025  FORMmT (24A*J*,3x*Il*,3<*l2*,5x*SaCl2l*,6X*SQ0122*/(3I5,2E12.4) > 
3027  FJR,-i„7</*  SUMS*  ,  (sF  d  .  0  ,  r  d  ,  2) 

3  02  9  F  J  \  ,-U  T  (  /  *  NU  AUaIuIARY  COGGING  -  UACl  IS  INT  (T  (IG)-TCNAX)  OT*) 

•*0  00  FJRinAT(*w.J,Fo«l,i0F5,l,6F5«0) 

4  0  31  Fji\,1mT  (  F  4  •  0  ,Fb«l,llF5«l,llF5»0) 

4002  Fj.\mA I  (*  T a m £  Sw  SSI  SGO  UC1  0C2  Q07  QOd  GOO  QCIG*, 

1  *  UC'll  Gg12  QC1  3  T  1  ‘ — rs - T 3 - T4 - T5 - T6 - T7 - Td-, - 

2  3X*7?  710  Til*) 

400*  F  J  \  .1 A  7  ( *  TINE  sH  SGI  SG0  QC1  GC2  AC  3  004  QG5  GCo*  ,  ... 

1  *  007  OCd  T 1  T  2  T  3  T  4  T5  To*) 

4303  FORMAT  (  /  * - 3ATE=*I7> 

4OO0  FOR. 1  AT  <//♦  S3S3  TIME  STEP  SU3ui VI JED  5  T*I£S  -  PROBLEM* »  —  • 

1  *  oTuPPEO  SSSS*//6x*N0**dx*C»HY*,6X*ITIME**bX*<IO*, 

2 . 5X*F<AC*  *4X*n£nAIN*/5I  13*2.- 10.4) _ 

y  M  L  ^  EX  1  T 
EDO 

C"£"ii”""IEif"ii5"£EEE£^I5£:f5E55E”HiEIr”  ......  . 

C  FORwmR j  t»N J  RE  Vtr^SE  F..3H  INTEGRATION  ROJTINE 

CEEEEE;EEiE:EEEEIEE;EE;IEEEEEE:EEEE;EEE;EEEEEEEEEEEE 
o  U  i  r\0  jT  uNc  jONlNT  (  Y  1,  Y2  *  ^  A0*  Oc.i.1  A  ,  A  r'i.US ,  A  Hi  XUS) 

C  Y 1  *  Y2  A  RE.rt  EIGHT  S  OF  «  FUNCTION#  FAC  IS  THE 

C  INT  c.GE  \  •<  T  I  On  AOiKMGlNG  FACTOR  {  NO  k  M  A  ■_  u  7  •  y  FOR 

C  '  TNIj  PROGRAM--  I  .  E  *  *  THE  TRAPE/CIuAL  K'JwE. - 

C  Y1  i5  L  JUS  I  j  E.-vEJ  i_EFT  Or  Y2  (TrtE  fULOf  VAlUc  FOR 

0  TIMcWiSZ  IN  TEG-.A  f  IUN)  ANJ  FmO  Id  THE^WtXGHT  OF  THE 

O  HEN  v  m  v.  J  E  •  uEi_TA  IS  T  pE  HORIZuNTm^  OIoTANOE  SETnEEN 

Q  THE  Tw*  POINTS* 

G  mP_oS  IS  Trtc  POSITIVE  AREA  FO15  TfijidE  POINTS* 

C  mMIhUS  IS  THE  NEGATIVE  AREA  OcThEcn  TrtESE  Two  POIfiTS# 

C 

GAA= ( 1. -FAC) *Y1  £  GQ3=fAC*Y2 - 

Ir  (Y2*Y  1.LT.0.)  GOTO  100 

C  UOTn  T2.Y1  ARE  ThE  CAME  SIGN 

A *  1  =  Z z c t A * ( uUi *00  A)  S  mA2  =  0* 

0  U  T  U  2  0  0 
C 

C  Y2,  Y 1  A r.E  OF  OPPOSITE  SIGN.  uET  THE  AREA  OF  THE  2  TRIANGLES 

10  0  mmI-LElT  A*UUA**2  /  (UUA-QU3) - - - - - - - 

A-i2-0c.Lf  A*UGd**2/  (GGd-QO*) 

C 

C  SET  T it  PwSITI/E  Ah J  NEGATIVE  PmRTS  INTO  A1  AND  A2 

203  APuUS-AM^aI ( m«1*  AA2 ) 

«  i  x  .*Ud  =  4  MIN  1  (  mAI  *  4m  2) 

kE  T uRN 

ENJ 


C.  __  m  w i E \ N  A  T  fc.  UATt  cUiRyUTxNt 
O— •  —  —  -  — ”  -  -  -  -  -  Z  Z  Z  —  z  z  Z  z  z  z  z  z  zz  z  z  z  zz 
iU*3r\UJl  I  N  t  l)mi  El  (mi<G) 
l/hLl  C^rCtAKG) 
r<L  f  Ui\N 
cNO 
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ocoror.o  o  o  o  I  oooo  ooo  ‘  ocoo 


u jii i suj*\OuriN£ 


<2 u 3 <\ w u r  l  n l  control 

C  J  i  MC\/JIA0  1/m  /  »  Nr  ,  NT  .  N  .15Xr<FC 5 ffrv ITT  ITT- C 5 3  )“,  UF  fSCT?  L  TtStti - 

i  Kiu'T'ij  iKiC  ,  I  r  IkA.  Ci'iiT  j)(<AuaCv.  »KoA»C  »\  Jti.T  y \C0  t  U 

CO  UNU*.  /  jc>.J2  / N  r*.1Etrtr.*'i1Ey^rirtCyJ«iEy  3  AY  yUMYlyjMY2f.iJMY  (12)  $ 

t  "(OyfljlyY^y.tlHUySCAYlyl'tjAT;. 

Cj  In  on/  pLmC  J  /  T  (50)  , TO ( 5  G  >  ,  CPrt ( pO )  y  2  < pO )  , SP ( 5  3 )  ,  CUNO(  £>  J  ,  50 )  ♦ 

1  2GA»Nlp3)ytJFAuJ(50)yER\rip0)yFNl5Qy50»2)yf‘G(:>;jy5Gy2) 
CJrt.iO.,J/acAJ‘y/«(5Gy5Q)  «  3  (50)  » b  u  j\C  1  (  50)  y24.j\02  (50)  yiyC0Nl(5Q)  ♦ 

1  5UuUN2(5b)  yUvfiT  yU^C«.»0A^T*vJ».Uk.,  Gn2yUA  (v>yUr,^AN 

GG  1.1CN/  JLAu  5/UUiKTt  GC II  y  U Cl'i  C  .  FAC  y  PKAG7 - 

1  Pi  iI.HUiOtGr.^Ji  r  j  **2  E »  00  i  T  1  A  a  y  T  .1 1 N  y  T  OAR  y  FA  Cl , REMAIN 
C'01n*S/ii.Auo/-3Ru  (5  3)  ,4CJN(50) ,CC12(13a>  ,  3GC121  (100)  , 

1  2  U  u I  22  (  100)  y  T  3  M  a  N  y  T  C  M »»  A  t  T  ^  1  a  ft  ‘(  y  I  b  H  A  N  G  y  T  C  H  H  A .’  (yrGflAAjyrCCOl. 

C G 1 :*i u \ /  3L»j7 /  T  P  c  0  A  Y y  JN  y  f  A  R  3  i.  NT 

OjIrtuN/jtiJo/iJy)  ,  I  JPERYR,  iNJytYy.RJATA,  QH  C  ON  V  y  Me  A T  7'J  -  CN&  y  -  - 

1  Ni.tOtA,  TOuT,t>E^yOJ5JEG,Si^OE^,Oxft-/.T  yCOuLATyUEP 

2  y  H  \  A  T  yUiCGr  yR«HUTyR..C3LyHG.jHly’102H2 

-  COIrtON/  3|_aOU  /  TA  J  t  50  )  y  VELA)  (5  J  )  y  UHU15  3  >  y  RMO  (  5  Or?  NJU-ylSCcttS )") - 

1  TIwT  (15)  yfAZI  ((  1?)  ,Ab„Z(  15)  ,mG_Z  ( 15)  yNJA,  IA.13  (10  )  , 

2  MuPA{lp),0nM''tolip)y0EE?A(lp)yToLZ(15)y0Aiill5)ylS0k.X(2V)  _ 

CO  (.iu.'t/OLMOlC/UjN.iA  Ay  xD  IFF  <5  )  y  E  k  yRHOyTZER  Cy 

1  NuuNNy  i  ICON  ( 1 0  j  )  » I  2Cu\  (100  )  ,  U(  10  0)  ,  ACGn  ( 1 00  )  ,U0  ( 10  J  )  y  UN  ( 100  ) 

CO.1rtU.Vl/  3l_AUll/  rLLTCyMZlNCyRHGOywOaTCyalMTeyFa  jO  y  F  S  vyC  y  Rcb  N  X  r - 

1  JuPyRNJ 

Cu  IrtGN/  T  RuM  3E  /  V  3  uF  ,. RCUN  ( 3  0  >  y  <7enT  ,  I  AIR,  J  A 1R ,  R*_N  GT  H ,  R  HOSR  , 

- 1  ASH.'-.;,!  y  b  Co  l  y  JWft  y  r  ROOM  T  y  JCW  y  KwAUL - - - 

CO  rtflu.N/  aGFlGS/  lixCPK,  131 .  a  02  ,  i  Px  I  N7H  •  IPP.X  NT  Q , I PRI  Ml  , I  PR  S  H,  <HE0PF 
CJrt.iO.N/rirtti/TNiGrtTyTrtOFNyTEVENyJtuTlyJEtTyTIf'lE  . . .  . 


INTEGER  DAY , uAYl ,OAY2 ,YR, CATE yUNlTS 
—  TcU  Ta  FOR  TEMPER* TuRE  LlHlTG  ON  CuNTROL  NOOE 
- Rib  -1  FJR  rilC)  <TCHi1 '  WITHOUT  '  UJiN? “UCIM>0 - 

- .<ic  j  fgr  tc  1 1 n<t  (io<tciaa  without  jc:h;  oc in=o 

- <iC  1  FG\  T(iC)>rCMAA  WITHOUT  CCIn?  OCIN<0  _  _  _ 

IF(Ay.CnNG.E\..G)  RE. 1AIN=1. 

F RAo=R£HAlN 

GO  TO  (  100, 200, 300)  ,K 
100  IF (OC IN. GE.0.)  oG  TO  600 

.  IF  (  A  7  ENT  . EU  «4  .  ANU.  70LF.  GT*. Qf>  ‘GO— TO— 600 - 

F  ,\A^=  3C  .  No/  (Cw  InG -JCI  N)  5  UGI. n  =  Q.  £  KIC=  0 

<F(aC)=1  S  mF=NF-1  j  N7=N7*-1  S  GO  TO  533  _  _ 

20  0  IF  <  ,  (13)  .lT  .TCtlM  GO  TO  220 
IF  (  t  (  a  3 )  .GT  .TCImA)  GO  TO  2m0 
^0  TC  &0Q 

220  F<xAe  =  (TCrtlN-TO  (IC)  )  /  (T(  IS) -TO  (13)  )  5  T  ( I C )  -  T  C  .1 1 N 
RI 3=-l  S  GO  TO  2b 0 

2^0  F-<HU=(TyrtMA-TC(lG)  )/<T<  IO-TOdO) ) — $  “Til C  >  =  TCrtA  ,*— $~R  IC~1_ 
2oQ  Kr(*G)=2  £  NF  =  Nr  + 1  5  N 7  =  N V - 1  S  bO  TO  503 

300  IF (uCIN.lE.O . )  GO  TO  300 

- UbA.Nu/(G^lNo™QbiN)  S  Q,  b  I N  =  0  •  £  KIu—0 

RF(aC)-1  i  iiF -i^r  ”1  5  ft7=NV  +  l  -  - -  -  •  —  -  •  . 


50  3  CuN r I N J E 

IF (FRaG.lE.O.O.OR.FRAC.GT FRAC=.  ai- 
F-vMo  =  FRAC*n.Ef1«lN  $  k.EHAIN  =  REM».IN-FRAC 
KICnNj=l  S  (  ROElT  •  EQ»  0  )  RETO/^N 
UO  bvJM  A  T  =  1  y  f.  i 

a  =  u T (IT)  *  IFtI.cG.I3)  GO  TO  faOO 
T  ( I)  s»0(  I)  *FR«G*  (  T  (I) -T  J(  IH 
600  CyNl INUE 
T  b*N 

600  Con  i  iNUE  - - - 

<I3i,‘*u  =  0  £  RETURN 

_ ENJ _ _ _ _ 


SUJ.-.UUTlNc.  iNOwTA 
♦3A3E=10u. 

♦nJCOw- e^t 
♦EaCEPT 

♦  iNJE.If  =  3.  -  -  ■  - 


»2TAT  =  13  . 


CUH.lbft/dLAui/  y«  ,  t.F  ,  fyf  ,  A  ,  Ar  (5  v>T  y  IC,  -  7  (  5  0  )  y  wF  (5  0  )  ,LT  (5)1  yK.^iil.o 

lyRIbyA  I  'I  A  A  y  7  ..a  t  U.jAw.  yRt.Muby  R-^EcT  y  RuO.tU 

GU.I.ibN/  3l*>02  /  NT  IfltyHTI  ’IE,  IT  IHEy  Jm  f  E  y  OAT  y  JA  YiyL)AY2,.')DAY  (  12)  » 


9f 


o 


i  MO, MCI ,  YR,  nmJ,.‘J0AY1, 1')  JA  TE 

CJNMGN/plAJJ/  7(50)  *7G(5  0)*.,PM(50),3(5Q),3P{5>j)  «lONJ(5Q»5G)  *  SC  ON 
1(5 'Jj  ,.«FAg>j(90)  » E  A  T  (3d)  »  F  to  (  5  Q  »  33  *  2 )  *  F  J  ( ?  0  « 5  -3  ,  2  ) 

C  J  *1 M  o  N  /  i  c  *»  J  w  /  A  (  p  d  *  5  0  )  *  3(5  0)  •  o  0  xn.  w>  1  (  5  J  I  *  S  3  3  Rw  2  (  5  0  )  *  S  CC  ON  1 1  5  0  )  » 
134vj'<2  (  p  0  )  (J'/rtTiu3'jL*ui3r  t  )3oUf'-iiZt01>3wtviir  <  A  N 


C  0  (tld'i/  sLn. 


o  G’  M  /\  7  f  3 C I  *i ,  0 r N G f  Fm C  ♦ ! 


?:,r; 


ljw  j  |  J  3aSE,uJ, 

CJM.iGN/  jlAJo/  JpRg 1 50) . JCGMlPd) .NOLil 10 J) ,S JC1211 10 J ) .3QC122 (100) 
it  i  i  g  Mm  a  t  i'<<i  i  Fu*!  a  ^  j  i  r  w  d  h  a  * » i  r  winXJ  t  *w*0Ow 
C  J  iifiuN/  3 1.  A  J  7  /  T  PER  J*»  t ,  S  3  uGr*  •  T  «  13  >  aG  I  NT 

CJMMGN/5CHijo/.»jAY,±ijPfcRYR»X'tuMY,ACMTM,Jp|wJNV,Ai_AT  ,  J_  CU G »  R I N  C  E  A  * 

lTjwi  ♦  j  t  C  , uO  50E  J ,  S IN  JEG  •  SI Nk. *  7  »  JcSl  a  7  *  Q3P ,  mRGkI 7  *  Q  IG  J  T  , 

2<  jiu  f  t  \  3Gou  ,MjCrtl,MwSH2 

con.ign/plaj?/  tag  ( 5 o  .  /eccis 0)-,-jH3(sorn>fDf  pon>vjc-,:sccti5)-,-TrcT - 

1(15)  iihZiMIIs)  *  m  Gw  Z  (15)  »  N  Gw  Z  (15)  «.,JA,IAMi(l9)  »hi.Fm(15)»OMmNu(15)  , 

2  J  j  E  ?  R  (  Ip  )  ,  7pwZ (13) . JApS  (15i,a3JwA(2G) 

COHMuS/OwmOIO/  Gu.,MAa*\JIpF(3  ),  Ea  ,  ,\H0 ,  TZE-. 0,  NO J.NN  ,  II  CON  ( 1  0 0  )  » 

1I2CuN (Id  Q)  , J ( 100) , aGCn< 1001 , Owl ldd )  ,U,U  10 j> 

C  J  M  n  0  N  /  JlmJ  11/  f  Iw7C»  AZ IMG  ,  R(i  uO*GJ$rC»3lN7G»F33C»  F  3  G  C ,  RE  S  N I  » JC  P » - 

1<N  3 

C  J  M  rt  G  N  /  7  R  0  M  3  £  /  VOLF, ROOM  (5  U>  ,Kd£.NT  ,  IA  JLR,  JA I* , R_UGT H, RHOSR, ASPRA T , 

IFCStw  JM  A  ,  TRCOA  r,  Jt'W  ,KWAL.‘ - — 

CJ  irtGN/  I  CFCGS/IS). .  'V,  13  1,102  ,  wPRi.iTH,  IPRIU7  3 ,  IPRI  .,T  .1 ,  1PR  3  M ,  KhEOPR 
S  JM.MCN/  7  IME S/ TNI Gn)  , 7 M3 \N  «  7  EdcN , JEl T 1 , JcL  7,  TIME  . .  _ _ 


01  He.  NS  I  JN  EPjvjI  1  10 )  ,  rPSGj’10) 

IN7EGER  NAM  ARA Y  (  3  3 ) 

In  7  cvjEK.  0  m  Y  iunU  » JA  Y2  >Y!\t  CATE  » UNITS 

J  *  7  m  section 

OaTm  (NAMmRmY  ( I)  ,  1=  1,  21  / /COtoTROw  TMPF,  ApfOURwYlO*/ 
JaTm  (iSXiIhaAY  (  a)  /FSTMr^fjHrE^f^wATiTUpE*/ 

0  •*  7  «  itowMAK^Yli)  »I=p»6)/X3w0NGITOuEF»FRiSNiGriTX/ 

J  a  i  m  (NmMmRmY  (a)  ,  i  =  7»o)  /  ^JLjmoX(/«UAGJUwINliX/ 

Ja7„  i.NaIImRAY  t  i)  ,I  =  9.10)/FyENTSF,XMONTHSF/ 

J  A  7  A  NU  M  to  AM  C  /  1C  /  ^  . . . . 


C - OEFAJuT  rfAsUtS  OF  PROGRAM  0ARI A3LE3 


0  a  T  a 
o  a  r  a 
j  a  r  m 
o  a  r  a 
ja  r  a 

Oa  7  A 

Ja  r  A 
j  a  r  a 
0 a  7  a  JXCw/G/ 

Ja  7m  \H- uFR/1/  —  ------ 

Jm7m  RVEto7/3/ 

0  A  7  a  nWAGL/2/ 

J  A  7  m  toOAYl/19/ - - 

J a  7  a  UK  0/1/ 

JA7A*ESM/J-/ 

3a  j  a  i  a  1 1  i,to »  TuHmXNi  T  w  M I  u0, TCMmaJ/ISp  • ,  7  3*  t  pp  •  >Z5  •/ 
JA  r a  7£vEN/l7«/ 

Ja7a  7MCKU/7./  — 

J  A  7  m  7NxGHr/23.Z 
J  A  7  a  GL3AL/1»/ 

J:ii»S=l  b  N  ri-i£  =  2-4  S  I7MAX=5 - - 

IJJc.iYR  =  3o5  5  RJAt'A-O  S  RINJEa=1.p26  5  EX=0»p*12. 

R  M  J  —  G  •  3  b  Pm  o  —  j  •  5  £  PM^i=,J*p  £  r  Ol  T  =  1  •  J 

n_rc  =  o.  i  aaikc-q.  £  rajc=o.3 

RGAk.G-1  J  <  G  E  ^  7  -  1  5  RC3NU  =  0 
JICoT --1 .£6  £  KpSH1=13  £  MOSH2=0 
RHJj\  =  R>.7.G7p(-FCiR=J. 

J  a  7  a  t  R  J  xFF  <  N )  »  N  =  l »  p)  /  .  16i>2>ti.2)ii  33  ,  .35/ 

O  A  T  m  i j  J  L  A / 2A*jY 

JJ  llu  »  = 1  *  N  M  a  A 

v-J  lie  J  =  1 »  UMAX 
C ONu 1 x  t J) -  0 • 

L10  CONTINUE 

RE  A J  IN  YALJES  FROM  F icE  FOR  PROGRAM  CJNTkOu 

rewind  2  - 

L  20  CONTINUE 

rEAj  (2,130)  NAME 
IF  1 E G F 1 2 ) .Nc.0)  GO  70  130 
L30  FJRKm(  1  A 1 0 ) 

OU  1*0  «  OoP-  1  ,  NJ  MNA  MS 

xF  ( NAME. LJ.UAdARAY (COUP) )  GJ  TO  150 


AL AT/op-l/ 

I N0ATE/ 0ol373/ 
101, 102/0,0/ 
J.PRINT  0/1/ 

iP\lNTH/0/  - 

IPRxNTM/ 1/ 

I  r  R  G  M/  1  / 


TO  150 


o 


150 

C 

G 

lt>Q 


G  0  N  1  i  N e 

PR**!  *,/Ir,FUT  SON NANO  NOT  R£CO<jNIZEO*»NA  it 
STOP 

GO  T  J  (laQ, 170,173,173,179, 161, 162,163,16V, 165), LOOP 

reaj  contro..  noce  temperature  limi-ts - 

RE  m  u  <2,»)  TCMl'.N,  TCMm*N,TCMINJ,  TGMAXO 
GO  ro  120 

RE  A  l,  R  V  A  l  U  E  u  F  INSULATION  ON  ThERMal  WALl 
REA  u  ( 2 1  *  )  kESM 
Gu  I J  12  0 

'REAu  VA..UE  FCK  lOAO/AREA 
RE  A  u  (  2  ,  *  )  ULOA  j 
GOTo  12  5 

AUXILIARY  CO UwING  SPECIFIEO.  SET  FLAG  TO  1 

XA JaUl* 1  .  * 

GO  I j  12  0 

R£4J  VEST  CUNrKOL^FLAG 
Rt  AU  (2,*)  KVENI 

uOI  j  120  _  . . .  . _  _ 

REAj  sJMSER  OF  MONTHS  -OR  SIMULATION 

RE  4u  (2,  ♦)  NMO  '  - - - 

NO  A  f  1  =  30  0 

Gl-Tu  12  J  __  _ _ 

REAu  OATES  TO  ^TART  A/O  STO ?  HOWwV  PRINTOUT 

REAu<2,*)  101,102  . .  .. 

GO  TO  120 

REAu  STARTING  DATE  OF  SIMULATION  - 

Rt4u(2,M  lNO„TE 

GOTO  120  _  _ 

Rt  A  j  lATITuOE  OF  SIMULATION 

REAu(Z,M  AlAT  . . . .  .  . - 

GJTu  120 

RE  A  J  THE  kElATIVE  lONGITUQE  . .  .  . - 

t\£  A  u  (  2  ,  *  )  Ui_  CnG 

GOTO  120  _ 

REST  OF  SET-UP  FOR  THaS  ROUTINE 
CONTINUE 


100 
0— — 


200 
C-  — 


GO  TO 
CONTI 
uni  r  j 

S  0  C  u  N 
T  Z  E  x  0 
G  J  i  O 
GUN  1 1 

o.UT  o 

J  .>  0  u  N 

T  Z E  \G 
CUN  1  A 


(  ISO, 
NUt 

17.  3TU 
=1.713 
=  v  o  0  . 
210 
N  J  - 

27.  S.I 
=  3.o  70 
=  273. 
NUE 


200),  UNITS 

,HR,FT ,j£G-r - 

2E-9  3  f PER3 AY  =2  +  •  S  T 3ASE  =  o5, 
S  G0NMAX=317.2 


$  QHCJN  U  =  .  3172 


•  UNITS  (J*S»M»OEu-G) 

t-a  a  TPEijC,  Y  =  ao  +  Q0,  i  T3aSE  =  13.  $  0HC0NV=1. 
5  UONMAa=100G. 


—  ST^RT  SPECIFIC  MoJEL  --  SOUTH  MASS  WAlL 

—  TR0  IjE  nAtw  (RvsALt  2)  OR  PATER  P  A  wL  (KWAll  1)  -  PEx  UNIT  A. REA 

—  NiSi,  NwN-ZERU  FO\  MASSIVE  EATEkIjR  PAllS 

—  —  SET  rtujEw  PA.XAMEf  ERS 

NSL--  NJMcEk  0 F  PRIMARY  30i.4.R  SOUxCE  (MASS  WAlL)  Gl4Z*NGS 

rlorii  **  jfix  hEIuhT  FOP  T  m£.x  :i  OLiRCu  lwT  I  ON  C«L'C.  (FT)  - - — 

U_Omu--  STATIu  RuuM  jic  A  TINS  lu«J  CJEFr  LG  LEnT  PER  UNIT  3MP  GuA 
*Re.A  ( JTu/nx/ JcG.F/SQ. FT ) .  THI.,  uOtS  NOT  INCuUot  HEAT  l03j 
SHo  uR  MAoSivE  WAULS. 

RE  j  NI--  RESISTANCE  u  F  SIP  N I  G  M  T  INSULATION  (OEu.F  / 13TU/H  R/o0. 
<VE..T—  TH£i\MGCi  Rv/ULAT  I  On  VEi«f  CuNTkJl  FlAS  la£E  PRJF) 

OjT.'.M--  SnP  Tu  RuOH  U  (JTU/tR/JEo.F/^.i.FT) 

C  A  I  x  -  -  AIR  VOLUMETRIC.  iE«T  uAPm^ITY  (riTJ/JEu.F/CU.Fr) 

•GxAV--  4  Cut  lERAT  I  JN  OUE  TO  jkh'J  i  fY  (FT/S/S)  .  . 

TnC«I\--  hI.r  THEkMmL  CONJUOTlVlTY  ( jTu/Hk/OEG . F /F T) 

TlLlO--  Tltl  of  SM*  GlAZINu  UK  UF  5MP  lr  6A.RE  (DEG.) 

AZot--  AhLL  AZ*1uTn  (OKS.) 
hlF--  WALL  AtijORuriVITY 

Tul--  Gl*./anG  TiiCR'NESS  PF.R  lAYEk  (FT) 

TmOvjl--  ULAZInu  THE  XMhl  C  UN  GUt  T I V  IT  Y  (Sru/HR/jU.FT/FT) 


OF  Gl 


ZING 

THRU 


c  — 


c  — 

24  0 

C  -  - 
c  -- 


25  0 
C 

C  -- 
C  — 
C 


AIRoA3--  SPACiNj  JtT«EEM  GuAZiNaft  (FT) 

£P  S  H  ,  t  P  i  A  »  EP  2  G --  I.F.  £ ‘IM  *  ^2  *  i/ 1  f  Y  U?  WALL,  SKY*  «NJ  GLAZING 
T<Got*r-“  T  •<»•  N  s  M  i  G  a  I  V I T  Y  OP  Ju/tT.iu  Oft  INnEm.  i<J^rM.c  Or  I  N  Nt  R  GLAZ 
Fu\  HwF.I  ZCM  >*t  jPEJu.i?  AcF-E^TuR,  VERTICAL  H»u.  (SEE  SUNSRC) 

\..«o!  -1  —  i^hf  i.  <  L£  «bfn/  GuAZ.  MtiGrtT 

■'•  RH0S\  -  REFLECT  WITT - 

ASP \h 7  -  ..tNOT-i/wIGTH 
^FGi,\  -  WmwL/;\EFl;.CTC.R_  VIEN  FmCTJ.R 
COIj— —  vENT  OxoGhmxvjE  COEFr. 

AREA  uF  GnE  ROW  (TJP  UR  tJOTTOil)  OF  VENTS  PER  UNIT  SMW 

Gw  h  Z I N  J  HK.iL  A 

ASOmG--  WAlL/ GlmZ ING  AIR  SPACE  FlQw  AREA  PER  UNIT  SMW  GL •  AREA 

NG  L  =  2  5  HGHT  =  3. - 

NS  G  w  =  G 

UST  fvM=l.  5  £  CAIR=1. Old  £  GRAV=32.2  £  rHCAIR=Q.Ql5 
Ti_T3=90.  »  AZrt=G.  ft  AwF=  1. 00  5  TGl=G.  125/12. 

AIRoAF  =  5 .25/ 12 .  S  I F ( No  w • EG • 1 ' A  I R  GA  P  =  0 . 

£PS*=G.9  S  EPSG  =  0.9  5  £sSh  =  1.-J  S  TkCOAT*  1.0 
RwNio7n  =  1.0  £  \H0SS=u.ft  £  „S PR AT =5.0 

'  FCS.\=.5*  (KCNGTH  +  l  .-SC XT  (RLNSTH**2  *1".  )  I - 

o  J  i  o  =  0  .  6  S  A  V0AG  =  0 .  03  ft  >*ft  3  mG  =  0.02 

CO  22u  a  G  =  1 ,  N  a  l  ..  .  .  . .. ... ...  .  *  _  .  _ 

EP3ai(IS)=EPSaO(lG)=EP3G 

IF  (<jATA.EG.0l  GO  TO  230  . -  - - - - - 

FOR  ow£A\-CAY  HEATHE*.  OhTA  GAlGUlATIONs  (SEE  OATlYJ 
OwO i.G - 0  « 

G  J  N  T  I N  U  E  " 

<GEwT  =  l  ft  RC  ON  U  =  0  5  :<CA>C  =  i  .  .  ..  ...  ....  . . . 

IF  (<CA_C. EG. 2)  RC0NU=1 
G«_Gow«rE  THERMAL  NETWORK  PARAMETERS 

GO  TO  (240,250),  <WhLL  . -  - .  - . — . - 

vOnIInUw 
WAf£.\  NAww 

ASSUMED  TO  at  SAME  AREA'A’S"  GLAZING* - 

SINjwE  N JoE  (NODE  1)  FOR  3  MW  -  uu A  ZINGS  START  AT  NODE  5 

NuJE  2  IS  ROOK  hLK  --  NODE  3  IS  OUTSIDE  AM5IENT. .  .  . . 

NJJE  4  wft  H« wL/ a - A Z I  No  AIR  ft3 AaE 

aM«  HEAT _CAP~Cir AnCE  (aTU/uEG.F  PER  UNIT  S.MW  GlAZ.  AREA) 
IAIf\--  w«l'_/GlAZ.  AIR  SPACE  NaOE  -  -  . 

jai.%--  r hemio^ircul-tion  connection  (iair  to  icj 

I.*-  \CviM  AIR  NjlE  (CCNTRC..  NsJS) 

J J? —  CONNECTION  UF  ULOAj - - 

jwA--  connection  setween  smw  jURFace  nooe  and  iair  -  starts 

SEQUENCE  OF  CONNECTIONS  TH\U  GlAZINGS.  _  .  . 

N  j  E  -J  -  -  iUNScR  OF  jEi^IES  v,>.  w_  SEGMENTS  (GEE  MASONRY  wAlL) 

C P H rv  =  -. a  £  CPM(1)=CPMR  •■■■■■-■  - 

NO  0  i,N  =  N  C  L  *a  S  IF ( NGL » lE • 0 ) NO UNN= 3  S  JO=NCONN 
N 4  J  j E  * N  j L  <■  4  5  Ir(NGL.wE.0)N(UuE  =  3  S  IO  =  N NODE 
I  A  I  <v=  J  A  i  i\  =  4  £  L'L  -2  S  JJF-3  i  -JWA=5  ‘  i  nSEG=—  It 
GO  TO  2  a  0 
0 J  N i In  J  E 
i  4  3  0  n  R  T  rt  A  l  l 

ASftJilEO  10  OE  SAME  m»\EA  AS  GLAZING 

NSEC* 2  >,Alw  NCGEft  j. N  SERiES  ST«i\TING  AT_N0^E  1.  NODES  1  ANJ 
NSEa^Z  «r.E  ‘lAsSwEftS  SURFACE  NuOEj.  NfttO  ft3  13  ROaM  AIR  (CCNTROw) 
NftEa+4  IS  OuTSIjE  AMSIEnT  ,  '(SEGy-S  IS  wAsw/GLAZ.  AIR  SPACE. 

Gl  A Z anG S  STmRT  at  nseg*  6 . .  ’  ~  J  . "  ■ 

r  H  0  s  -  MASONRY  ThErMmw  CONDUCTIVITY  (  3  TU/H  R/ 0E  a.  F/r  T ) 
rnIw<"”WAwwTHICRNEftS(rT) 

VJujP  —  —  MAsONivY  V  OlUmE  T  R.  G  HEAT  CAPACITY  (STU/DeG.F/lJ.FT) 

TMGuN  =  1.0  S  TriiCR=t8./12.  5  VOuoP-30.  ft  NGE G  =  4 
OsN  i  =  Nft£  O*  (  THw  ON/  ThICO  S  C0N2  =  2.*CCN1 
GPM(v=yUwSP*TnIGN  s  GPMRI  =  GPMrt/NSEG 

NCOiiN-NaEaft’NGw  *7  S  IF  (N  G_  •  wE  .  0 )  NO  0n;(  =  N3EG  +4  S  JO=NCONN 
NN  JsE  =  *»  GEu4i’)G_  4a  3  IF  C.jGw  .Li  •  u)  NNUuE  =  NSEG  5  IO=NnOCE 
I h  I  •%  =  n ft  E a  £  JA  I  x=nSEj  >5  £  Ia=NGEG  +  3  S  JCP-NSEGftC 
CONTINUE 

F 0\  sa i H  TYPES  OF  NALw 
JhA-iNsEj+o  i  JC'H-0 
NJh-1  S  I A M  9 ( 1 ) =  J 0 p 

N  J  3  - 1  ft  I  SOL (1)=1  - - 

GONNcCT IjN  PmRAMETERS 

i  1  J  w  N  (  1 )  •=  1  5  I2C0n<  1)  =1  AIRftt  £  ACON  ( 1)  =  l.  0 
IF  (NaL.LE.0l  1 2  C  U  N ( 1 )  =  1 4  M  3 ( 1 ) 

J  2  s  N  s  c.  G  ft  2  •  A 

00  2  7  u  J  =  2, JCP  1 


o 


o 


o 

o 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 


290 

c 

c  — 


310 

320 

C 

c 

c  -  - 


L. 

c 

C  -- 


ilvOU  ( J)  :J*t  6  k2CGN(J)  =  J  n  _  AGON  (  J )  =  1 .  3 

1  ^  iF(J.EC.2«OR*J«EU.j2ioON2=  CGN2 
uN ( J ) -O J ( J i =wGNi 
C  J  N  T  i  N  J  £ 

Jn(JLj-1)=UG< JC^-l) =JSTRM 

UN  (  OOP)  =  UQ  (  JCP  J  =UL3AJ  - 

if  { Njl • LLa  J )  Go  TO  2  91 

iiGwN(  J„i.\)  =  ImI\  £  I2G0N  t  J ll.X)  =IC  £  AGON ( J A IR) = 1. G 
iiCu'u  jaix*i)  =  1  s  i 2ous  ( j*:  x. *■  i >  =:>,n  s  agon  (j-ir  +  d  =i.a 

5  12wOi>(  J AwR*C )  -  IAi.ix*,l  S  ACGN(JAlh.*2)=l«l 
Jl  =  i,S::G  +  d  £  J  2 = U  1  N  tj  w  ~  1 
JJ  2aC  J  =  J  1  *  J  2 

o 1„3N t J) = J-2  £  I2G0N (J ) =  J  - 1  £  ACON(J)=1.0 

‘  CONTINUE  '  - - - - 

12CvjN(j2)=IAM3(1) 

CONTINUE 

noje  parameters 

OJ  300  1  =  1, NNGOt  -  ..  ....  . 

r (i) =70.  £  <F < 1 1 =1 
C ONI INUE 

* ' I=1mMJ ( 1 )  SKF(I)-? - 

IF  (Kv.AlL.EG.1)  GO  TO  320 
12  =  NS  EG  *■  1 

0  03101  =  2,12  . .  . 

GPM  (  i  )  =  C F .1 R I 

CONTINUE  -  . —  . . . .  •  - 


C  A  _  C  J  L  A  T  E  LONG T  An  T  0~  FOx  '  T E ERA  TUkE ” OE  PENOtil  T -V+$— i’N~ PRO P - 

xG  0  .<  ( 1 )  =CGi3*<W0AG*SQxr  (G.RA7+riGHT)*36t1!). 

RGOi,  (  2 )  =  2 . AIR  £  RCCn(3)  =  1,/(3<j00.*ASOAG) 

Ro  J.,  ( -r)  =  1  •  /  (AoRoAP/  ThCAIR^T  jl/T  rlC  GL  ) 

CONSTANTS  FOx  xAjImTIGN  uts 

xGON(10J=33CGN/11./E?SWU./2P;>A-1.)  5  IF  (  NG  L  .t  E  .0  )  GO  T037  0  - 

RG  J,N(1G)  =iUCUN/<  1./EP5WH  ,/EPaGI  1 1 )  -1.  ) 

IF  (Now EG. t)  GO  TO  3G0 

N  G  =  f  i  G  L  ”  1  . 

JO  33o  I G  =  1 , NG 

RO On  <  10)  =SdC0N/(  1. /EPS GO  (IG)  ♦1./EP3GI  (IG  +  H-1.  ) 

RCO  h  l\G_*lJ)=S  50  On /(!•  / E?  SG  G<  N  Gw  )«■!./£  PS  A-i.) 


SO  u  A  5CJKCE  INFORMATICS 
riw,  ( 1 )  =  T  I  •_  T  G  £  *AZ:m(1)=AZW  £  AlFA(1)=ALF 

AolZ11)=1.G  S  No  L  Z 1 1 )  =s  Gw"  ?  "  f  oL'Z  <  1~>=T  Gw- - 

JA9j(1)=1.-EaF(-1,215*Ea*TG.Z<1)) 

OHh,,G  11)  =05  EPxtl)  =0  . 


IF  („SG W  .t-E.O  )  GC  TC  3ZQ 

OPTIONAL  t T  xA  FO  i\  MASSIVE  E  a  T  E  RIv>k  WA  wLS  •  •  .....  .  ....... — 

NjG„-“  NUmSER  OF  HAw_  3  EG  ME  <  TS 
M  4  I x “ “  OUTSIDE  AIR  FIlM  GOEFF. 

ux'iw““  room  tj  wall  u- <  inclooes-any— interior— insulat-i-ohi - 

xxl.o--  nESISTANCE  G-  ANT  ExTEXiOx  WAL_  InSUGATION 

T-»0n~-  Therm  Aw  gcnjucti vity  of  nawu  material 

T  n  <  n  -  -  iiMt-w  TnIGKNESS 

HAwL.  HAT.  VOLJHETRIG  HEAT  CAPACITY 
v,  m  m,  w  A  xc  A  /  SMW  jwAZxNl  AxEA 

JGw —  wAu.L  fu  J'jTalGE  CONNECTION*  hEAT  FLOW  THRU  JG  W  13  AOJEO 
TO  TnAT  THRJ  JGP  TO  GET  TOTmL  Gi-OAO» 

iNCO..N  = JO+NSGW+3  J  NNCOE=I O *N  3GW«-2 

H  A  I  x  =  ■»  .  0 

ORMx  =  l.p  5  xwINS  =  0#  £  J  WQUT  =  1 .  /  l  R'W  I  NS  *  1 .  /  hA  IR) 

THCr*  =  G.3  6  THRH=1.0  £  VS,3t'i=30.  S  AW^Z.^Z 
G(J'ln-in,ThKH>,j3ri  £  G  P  M  w  I  =  G  ?  M  4/  f)  iG  W 
GG 1 =fo Gn * ThG h/ Th R W  S  CC2=2.^GG1 

J=JU+1  S  1 1CC.N  l  J  )  ~IC  £  1 20  ON  <  J)=lOM'i-i  AGG'N  (J)=AW - 

UJ ( J) =  U  N ( J) =  URMW 
JJ2  =  MGW«-1 
JO  4'3J  J  J=i  ,  Jj2 

j  =  JO*-JJ*-1  t>  I  =  I O  *•  J  J 

wlCGN<j)=I  S  I2G0i(  J)  =IU  i  AGON  ( J  )  =  A  W 
wt .  =  G C  1  S  IFi JJ.EO.l.Cx. JJ.EU. JJ2) CGI  =  CC2 
UU ( J ) =UN ( J) =uG I  _  _ 

J  =  J  w * N S G  W  3  S  1=  I  G*NSGW  *-2 

IlCwN«J)=I  5  1 2'G  UN  (  J)  =1  AM  3  (  I  )  &  mGON(J)=AW 

UN l J)  =U0  ( J)  =UW007  £  JCW=J 

Il=*U*l  £  I 2=IO*N3GW*2 
00  3o&  1=11,12 


© 


36  0 

C  -- 

37  0 
C 


T  U>  =70.  3  XF  { 1 4  =  1 


vpl  (  I  )  =Or*MWl 

irf  J  'i  r  i  N  U  r. 

£.4  J  caTExIOR  H  Ai_ 
CONTINUE 


TO  360 


CAlC  . 


c 


IF  (XWAtL.EJ.QI  60  TO  ♦  io 
IF  UuONU.Nt.l)  GO  TO  +10 
FUR  uUNSTANT  COEFFICIENTS  UN.  DO 
I\cf:?u<  £  TFONG  =  kh  ur’N  (  TREF »  TR.EF »  TZERO  4 
0«lrt=l.  S  Uuir..C=G.  S  nAI\=+.Q 
IF  (NuL.uT.b)  GO  TO  33 J 

UN  (  1)  =U0  (1)  =  HA  IR+S.CCN  (  1  0)  '*TS‘UNC - 

IF  iRES  NI.GT.G.Gt)  UN<1>=1./ ll./UN<iJ +RES.NI) 
j  j  r  o  ^tic 
0  O  i  4  r  I N  0  c. 

0.‘4  l  Jh  a  r\  4  =  U  J  < JkIR)  =  U  Cl R3 

0  +  <  jw4  4  =Uu(  JwA)  =  U.N  (  J..A  +  1)  =  UG  <  JWA  +-1)  =  UAIR 
UN  (  1)  = -JO  (  14  =  rxCUN  <10  1  ♦T-U.NC 
Jl=JWL+2  a  J  2  -  J  «  A  +  N  G  L  a  <X  =  10 
IF  iNUw.£U.  14  GO  TO  400 
JQ  34b  J=J1,J2 

Xa=<x+1  S  1 1=  1 1C  ON  ( J  4  S  IZ  =  I2CCN(JI 
AiiUfic.  S^ACc  6£TmEEN  ScAZInGS  TOO  SrtAi_i.  FOR  COh 
uN ( J  4  =  u 0 ( J  4  =RC  ON { XA  4  *  T  F  UNO  +  RCOM ( 4  4 

continue 
Con t  a  n  u  e 

Xa  =  1C  +  (1SL  $  J=  J  2+  1  S  :t=IlCJN£J>  3  I2=I2C0N<J> 

UN  (  J  )  =  U  J  (  U  J  =NCQN  (  XX  4  *T  cUNC+MAaR - — 

IF  l\ESNl.GT.u.Gl)  UN (  J  1 4  =  1 •  /  .RES  iNi 
C  U  N 1 1 N  U  E 


FOR  CONNECTION 


Op4  0u£  INSULATION  GN  OUT  SI  OE  OF  SOUTH  MASS  HAlu  (RSM'HI) 
IF  tr.SMrtl  .L-.0.G1)  GO  TO  +2  3 
NO  0  iiN  =  N  0  0 NN  +  1  5  f4N 0  jE  =  MNO  ■_>£  +  1 

xI^oN(JWm)  —  aIuUNT  14  =  NN  0  Cc. 

Js.NwO.NN  S  I  ICON  (  J  >  -  1  $  1 2COH1-J)  =TIN  JCe-S-ACOM  t 
UN  (  o4  =  U  J  l  J)  =1  ./p.SMWl ' 

<F  ( tNNOuE  4  =1  i  T  <  NNUuEl  =70  • 

IS  J  u  1 1 4  =NN0 j£ 

O  0  N  T  I N  U  c 


•♦2  a 
c 
c 

c  -- 

C  ■  • 

p  ^  — 


e.no  problem  oata 

PRINT  OATA 

"  it/.  .  r  4 


PRINT  OATA 

iF  (Xam.l.EQ.1 .OR.XWALt.EQ. 0  4  PRINT  +  +  0  i  *NCA7£|U,.0AC 
IF  it.iAtL.EO.24  PRINT  3  G  ,  I  N a A T £  , UL U A J 
P.iI.iT  *  t  Io»CPM  (104 
iF  (iirt£]p\.£li.Jl  GO  TO  +30 

PRINT  *60  ,  l  J  ,  II  Cun  (J),  1 2 COM  U)  ,  UO l J)  ,  UN ( J)  ,AOON(  J4  ,  J=l,  NC0N.N4 
Ptlui  +ZG,  < I  AMS ( J4  ,  J=l ,M JA4 

PRI..I  4  3  a,  <  J.  ISCL  <  J4  ♦  M  u  _  Z  <  J  T't  T I  L  T  <  J  4  y  W  A  Z  A  M  (  J  4  » '  A  L"  F  A  <  J  4~»  Axil.  Z  iJ) 
lJHAitol  J)  t  0  S  £  P  ft  <  J  4  *  TUtZT  J)  .  0  A  5u  (  J  4  >  J=i.NJS4 


u  t  »  i  |  i\uwn*  t  in^iw  i  >7  \  ivw  .'n  i  y  i  w  w  >  \  T  «  1  •  •  ’  »  J  • 

IP’  ( N s G  w , b£ , Q  4  j 0  TO  4  3  0  . "  . *  . ~ 

PRI'«T  510.  r<.WlNs.JWOUT.THCR.TriXR»0SPW,AN 

Continue 

f  0  R  ri  A  T  (  /  *»  1  H  .4  •»  T  s  R  W  A  L  b  ~  P;v  U  N  x  T  WALL  AREA  —  iNJAlc.=tO»5X» 
16.T«J_Ui-0=F6.  3) 

FJRImT  (  /  *»  2  H  T  r.  J.'lSE  WAlL  ~  PErt  UNIT  WAi__  ArxEA  -  aN  CA  T  E=  Io  .  5  X  . 
16.IJw0kJ  =  F6.3) 

FOR-;..  T  (/2  +  M  CONDUCTANCE  C  UNNEu  T I  u.N  S  /  *+X  .  1  hJ  ,  3  a  ,  2n  1 1,  3a  ,  2HI  2  »  5,<  . 


o 

470 

12HUu.lOX.2HU 
P  jtrihT  (  / 26 h 

4  -3  0 

F  0  \  :'i  4  1  (  1  G  H 

450 

li  pHumZIM.Sa. 
2.fi  /  i  5 :  j  j 

FORMAT  l/b.s, 

© 

1  pH..u«T1.3A. 

*  /  4  *  O 

*  /3A.oHXWAi.L 
■*  o  n  X  ■,  U  x  C  L  .  3 

*  /ZaO 

*  t  5A.3nJtP.5X.3HJCW.5X.  3rtJ.iA  .•+X.  +HIAIR.+X  .bHjAtR 

*  75*0) 

F  0  Rii«  T  (  /  5  <  »  6 M Q 3  C3 N  J  .  6  x  » ..  r*  A w  A  T  .  3  a  .  5  H J_U '<G  .  7  x  »  6H.<I  -t UL  a  .  6X  .  5  H  T  MORN  . 


o 


li  £  T  U  R  N 
E.i  0 


3JJa.Cu7xN£  ftiHc. 


CuM.lCG/ JL~J  I/NV9  Kf,\T,V'tAX  ,  ZC  ,  Z  V  Cj  3  IJlrtlJ  t ,  "TfSOT# - 

1  <i.3. n . M  G  9  <1*.  9  IF  M-9a  9  NE\A,9U'ixT  39 ''.AJ  a  Ox  ♦■\^AuJ»Kj!i*.T)'sCj^lj 
33  i  .1 3  M  /  3UMiJ2/NT*ric.t  til  x  M  e.  9  x  t  LtlLi  3  a  F  E  «  JaI  9  J  m  Y  1 9  TH  9  N  Jm  F  ( 1  2 )  9 

1  1  j  9  m  „  1 9  y  k  9 ;«  m  j  9  ;<  1-  a  y  1 , :  'j  -  a  r  e 

uOl-iy.'./ JLAJ 3/  [  (5  C  I  ,  TO  15  0)  9  OP. 1(5  0)  ,  3  (5  3)  ,  SP  (  33)  ,  CO  N3(  5  3  t  5  0  )  9 
1  0C0  Y  l  3  Q  i  9  ar  Auu  l  ^  0  I  tErv\T(‘jO)  9rkH^u  9i9i]92)  9  h  3  (  j  3  9  *3u  9c) 
CJM.iU!i/dLnjt/A(3  0  950J  .5(50)  9i-Mui(3i])93jjJ.JZ(i3)  9  GO C ON  1  (50)  t 
1  4>J3U N 2  (5u)  9  Q  V  h  T  9  0  1  0  T  9jAC_910.’i29UxN39UTRAN 

COMMON/  JLaUG/GUIKT  *  U  J  x  N  9  0  G  x  N  G  9  F  Aiw  9  FRAG  9 
1  kX  9  1  9MiA90£GnhJ9  T  Dh^r.  t  00  9  T  1  x  a  9  r  rt  .  IN  ,  T  j  A  R  9  F  A  3  X  9  R  EM  A  I  N 

Cj^lllw’l/  3«.Hjo/-4  5\wl?n)  90gj'*t^u)  9i^i£  (ljJ)  9OXvl0i  ll'jj)  9  _ _  _ _ 

1  o0ol22(10  0i  9  T  w  1i  N9  T  j  *‘14  Y  t  T  ^  i  *  .'i  9  9  1  w(x..J9TL*1>*AM9fCi'YAA.)jT000L 

C  J  1 M w '9 / ^Lh07 /  TE^komY i  i5uaN9  9  >i<'9  09i0  -‘ii 

COMMON  / 3Lm0c)  / xOAT  9  Ii-»P£R(*..  1 1  (oaY  9  <0aF  49  0  A  33NV  9  Ai»ATtOwCNGt  -  ~ . 

L  <X.,l!- A,  Tu.  i9Jtw9C0Aj£j9S*Ojtu9-ii'twAr9  00jxA  I  9  4 

2  9  i  9jXoUT9(sAH'JT9K0u3  —  9  1u;il9  1j  :>■:? 

■  Co  1;;gn/  A ».  a  jy  /  Taj  (50  )  9  V E  A  J  (  5  j  >  9  On  J  (do  )  9  KHu  1 5  0  )t  N  JS>  13  Cl  (1S)*i 

1  FI  —  T  (  1  j  )  9  w  A  i  i  ^  l  1  3  J  9AG.Z(1d)  9  990  ux  (15)  9  NJA9IA  >13(10)9 

2  -i.rHllj  )  9  JnMOul  IS)  9  0  3  £  ?  a  (  15)  9  [  jLZ  (  15)  9  j  A  3i  (15)  9lSO»X(2'+) 

C  J  '1 .1  3  N  /  5  L  mG  1  0  /  J  J  N  5  A  A  *  i\  j  I  F  r  (  5  )  9  c.  a  9  %  .1  J  9  T  2  0  9 

1  NC  W.VN «  I  lCOn  ( 130 ) » I  EGON ( 10  3 )  9  U(  100  )_  *  AGON  (  L  0  0  )  ,  U  j  <  1  3  0  )  ,  UN  <  1  0  0  ) 

ujMi'lwO/  iLN011/FlLFv999Zl'tv9^Y,j999,/u4*)w931'lFv99ESj09F  033 f A G^Nly  ' 

1  JGm,<NJ 

C  J  i  n  ON/  F  aOMjE  /  VGl  F  9  .ECON  (50)  9  K)tnT  9  I A  IE  9  J  A  Xx  9  .ILN  GT  H  9  ."XHOS^  9 
1  A  S  T1  \  m  T  9  F  C  S  ••<  9  J  W  A  9  1  R  C  3  A  7  9  J  G  W  9  K  ft  A  A  w  ”  "  '  ~ 

Cj  MmOm/  *.CFi_Gi>/  ijn.C?<\9 101 9 1  G2  9  iR-umFH  » IPRI  NT 3  *IP(vI  NT  .1»IP-t3  H*  <HE0P3. 
G  J  1  M  o  ‘  i  /  o  a  M  £  u  /  <•<  .\  A  r.  E  A  ( 1  0  0  )  9  a  H  <  « R  E  A  (  1  0  1 )  .  . 

G  J  Mil  u:«/  T I  ME  3  /  (  M  x  Grt  7  9  7.10RN,  rEi/EN,  Jet.  71 »  0£l  Tt  TIME 
GXMtNil JN  in  V G  (  2 ) 


'  ~  I Ti T  C.GER  UaT  tCAYl  ,OAr2  9  7*9  JA  7£vUNiri> 

TGSxN  =  T:mIN:(  £  TG.1Aa  =  TCH£XN 

,iOl  =  lG-lT£/10C00  5  .'ixW  =  :“(3A7E/100-M01*130 

IF  <  xGFEEYE.  EO.  3-jo)  NG4Y  (2)=29 
J  £  x  t  1  =  T  ^  tf\  J  A  Y  /  F  u  C  A  7  ( N  7  I  Me. ) 
i  r  (r  »  u  9  e  li  i  ‘J  )  x  F  •  1  A  A  —  x 


'  JO  ICO  J=l, NCuNN  -  - 

1 1  =  xlCCN ( J)  0  x2  =  X  2  COM (  J) 
u  JS3  (  X  1  j.12)  =  G-.M3  <  12, 1  1)  =  JN(  J  )  *MCON  (  J) 

I  G  ■j  .  <  i  x  ‘<0  E 

JJ  2  G  j  X  =  19i<MmX 
( i ) - G • 

JJ  JOG  J  =  l ,  fi  M  A  A 

1  jJOii(i)  =  E  o  G  N  <  I )  +CJND(1»J) _ 

IJAY=xMjAY-1 

xF (Mol. -6.1)  GO  70  500  5  M2=M01-1 
JJ  -r  o  0  M  -  1 9  M2 
1  t  J  1  r  =  i  J  A  Y  m  J  A  Y  (M  ) 

1  0  J  .'4  t  I  ft  U  Z 

5  x  ft  v  A  l  =  3  1  fi  (  GEoRAu*mL»7)  £  j  031^7  -  305(JEoKaJ*a_AT) 

if  <  F  :.f:  .le.  o. )  go  to  s oo 

3  J  5  i  Z-  C  o  G  (  F  I  l  7  O*  0  E GRA  0)  s  5 1  ftT  C=  ^  x  ,N  (  JEG.RA  0*  T  lu  T  C) 

Fii^  =  .5*  ii.  ^oorc  )  s  f3gc  =  .?*  t i.-cosrc) 

I  C  j  j  i  1  iJe 

IF  F  iMi'  wIMITS  A\E  W  1 7  H I  U  0.1  JEj»9  T  (10)  13  FiAcO  A7  T  u  M  I  N 

FJ%  A  _  w  __  T  I ;  1 E  ->NJ  <10  15  5  E  7  7  u  2  h5  «  E~AG 

I  j  ii.  AJ  "  I  j  >1i  iO  )  £  3  a  1  *  J  I-,  j  S  (T  1  ^  A  t  )  —  I  v>  *  I  X 1 9  N ) 

irtauftijj.GT.O.l.CR.F.AfiOM.-jF.u.l)  oO  TO  ou5  -  -■  -  - 

<  x  0  -  2  £  _  <F  l  1C  )  -2  i  7  (  IC  )  =  TCMI.O) 
i  O  J  *  1 1  9  U  £ 

■OOxLcCl  AND  I0EM7IFY  MOOE5 
.  9  x  -Mf-  -OF  =  0 
JO  oAO  I  —  1 1  1 1  M 9. a 


O 


0 


o 

© 

© 

o 

o 

© 

© 

Q 

© 

© 

© 

© 

0 

o 

o 

o 

o 

l 

o 


<  =  <f  IJ  £  IF  U..NE.  1  .AN3  .  <.'<£.  2)  Go  TO  6tQ 
aF(,..EG.IU)  GG  TO  o  -*  Q 

JO  f  0  (  3  L  J  f  l)  )  I  \ 

—  T c *3 P  N  J  -t  E  6 

»10  J  I  S  ,_;(.'<  y )  =  I  £  GJ  TO  3 00 

C----Cij;j  T  E  NP  MuJEJ  - 

oZ  )  '(r  :,ir  ♦  1  £  Lf  (  I.FI  =  I 

oOJ  Nf=.tT*l  £  lT(;<D=I 
a-*  3  GJN  i  is,  jE 

F  -\o  l  iiOuci  P  U  j  AT  E  N  0 
uF  =u\MNV  +  l)  =i.T  (NT  H)=iC  5  ,N  T  - T  *•  1 

IF  (  a  F  ( 1  G  )  •  1 0  •  1 )  t<  V  =  N  V  1  £  IFl\F(j.C)*cU«2)  .  *  F  =  .  i  F  *  1 

C  --  KZA'^Z  IS'2'  FOR  31  MP  =  E  CAOO'GLATlON -ir,— WHICH  'iLG  CONCU  iJI  ,-CP'UI)  , 
C  —  3?  (»)  i  -«fiu  j£u  r  »'\t_jy'liTn'ir  FOv_/iuu  Tl'iE  *E  S'J- Tl  NG  In  CONSTANT 

G  —  m  (  I  *  J  )  A  i\  p.  A  7  S  F  u  K  N  -  G  pi  T  A  \  J  0  a  f  F  u  <<  CONTROL  T  c  "3  P  F  I  a  £.  j  A  N  0 
G  —  ~  C  J  N  T  R  w  w  _  7  c  .3  P  V  A  a  .»  A  J  u  E  _  (  F  j  U,\  0  l  T  0  uf  GGEFFIgIEnTS)  — 

G  —  oMt.  jv.mTz  CONSTANT  sjCcFp  4  T  j  F(iiJ)  (F*N(/.tJ,R)  OR  F  0  {  i  ^  J  f  M 

0  --  IN  -  T  (  L)=iUPUFli,  j)*3(  Jl  1  t  I  =  l ,  N  t/ 

0  —  <0^_  T  IS  ZE.aJ  FOR  iNj  PA R 7 I T 1 Jul NG  OF  Tl'iE  I  .NGRE.3EN  T  WPE  N  OPERATI.I 
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r**o  ia  a  m  0 1  e  n  r  r  t  m  p  e  9.  a  r  u  a  £  (oeg.c) 

7  z  u  j  i  i  to  ,  r )  j  7  E  ,  G  C  1  T  T  l  M  /  S  ) 

qh  j  ia  jCaks  p.  a  a  i « r  i  un  1  n  1  t-NSir  - — . . . 

If  (HriiE.oT.J)  aO  TO  100 

f  »x  <  t  E  UF  FiAJlAG  VAaJti  FOP  FIPST  TI.HE  Th.POUGH 
If P7  =  ACj ( i ;  I  5  A  T  Z ,  100) 

J.:(0^n  =  x.  Yr.T*  lO  O  OOf- (0*  13  0»IMOAY 

■\EAvj(1*3C50)  Y  'u  Z  Y  *  <H  J  U^*Qh5  1 1)  *7ELu(  1)  *TA0  (1) 

I  7  E  .1  h  =  Y  \*  1JOOU  f-.A  H  O  ♦  l()Jto<0»T 


■1EOPP 


o 


IF  C I  T  E  ,i  P  - 1  No  A  T  T  )  5>0, 110,60 

oj  p  p  .  •  *  f  * » x  s  t  <*  r. r  i  Nu  o  a  r  e  r  o  j  -  a  i\„  y  fop  file  x  *  in ja  te 

o  F  3  F 

C  P  s  -*  w  jk  I  h  •  u  A  T  c  M  U  u  T  1  -4 1  ^  m  *  0t\  l  P  9  0  P 

10  j  \  _  A  „  l  i  «  S  0  s  0  )  1  P  ,  K  HO  «  Xu  -  <  i  Xrt  J  Ui\  t  urt  j  (  1  )  ,  v£  o  0  (  1 )  ,  T  AC  (  1) 

IF  (  <  \  M0  .EC  .MC)  .  ANO.  (  KOAT  .£0  .  JAY  )  .  AN  J.  [<H  CUF:  .Ei  .  0)  )  C-OTO  T10 - 

Pp±NT  *  i  >  Jn  f  nijfl^rOfl  IN  X£ATh£/\  Fi  t_EX ,  fri. ,  \  I J  ,  <  JA  Y  ,  s).U  Up 

3  r  of 

C  x£Aw  iN  23  JitJcS  FOP  ThIS  DAT 

HD  00  13  J  _  =  2,2** 

13  J  (  li  iOsill  Y  i\,  \HO,<3«Y,  \H  0Ur\  »  uMU  ( t_  )  ,  TEl.D(l)  ,  T  Au  (  L) 

DA  f  c.  =  \Mj*1J0GQ4-<*GAY  *  1  0  0  ♦•  T  ,P 
C 

0  JO  CONVERSION  3F_WEATHE^-0ArA-IF-UTlN'3— ASHrTAE—UMrTS - 

iF  (UNITS  .EC.  2)  GOTO  220 
00  i  ?  D  x. H  —  1 ,  2  ■* 

0  Dj'hfj  T  EHPEPAT  Ur£  TO  0EG-* 

T  AO  l  I-t)  =  TA0  (  Ih)  ♦  1 .3  4-32. 

13  J  CON  i  j.Nu  E  -  ... 

22  J  CON* INUE 

C  -  CONrUlE  MAX  *  rtIN»"£  VC  ~T  E't  P£  MATURE  ‘A  NO — DEGREE  "OATS - 

THAa=-1.£o  fi  T.'1IN=1.E6  fi  T3Ak=J« 

JJ  ih  =  lr2.  ...  ._ 

IF  <  A  j  (  Ih)  •  u  T  •  T  H  A  X  )  TMAX  =  TAJ(I.1) 

.r  l  TA-l  i.h>  ..J  .  TMI.O  T.MIN  =  TAD  (iH) 

T  3  A  «.=  F5AiP*TAu(lH)  ■  ■■  -  -  -  . -  ■  -  -  - 

2  *+  J  C  u  n  T  1  o  E 

0j£G=T3AaE—.5*(TMAX  ►THIN)  3  00=00  +AM AX  1 1 00EG , 0 . ) 

T  3  A,\=T  3  a  (P/2  4 .  — -  - - 

C  CONFUTE  OECi-iNATIGN  (GEO  FOPHUlA  F.90H  0.  AN  C  3.) 

OEC  =  23.-o*3Ii'i<OEG-\AO*360./335.*(FL.uAT(IJAY)  +2bi • )  ) 

3 1  Nu£  0  =  5  IN  (  JEG  94  0  *  J  EC )  fi  G J 30 E C  =  CO 3 ( OEGPA 0 *  DEC ) 

HvD\17  =  5G.  S  IF<CEC.L£.0.)  Cu  TO  26  0  ■ . - 

H,-.Cr*T  =  -9G. 

G-K«A=TAN(Q£GF;Aj*0£C)/rAN(Q£Gt%AO*ALATI  5  IF  (CHPCk.GT  .1,  )  GO  TO  230 
H.PC  i\ 1 1  =  A  C C3  ( C'rt  PCP  )  / oE Gp AQ’ ‘ ' 

2a  0  C  JN  i  IN'jE 
C  --  SOuA.v  CONSTANT 

uj  re (310,320) ,  UNITS 

313  u3 p  =  *26. 9o- 13.  3G*SIN<GEGP  AO* 3e>0.  ♦  <2  72.14-FlOAT  (I  3AY) )  /365  .  ) 

G  U  F  C  3  3  0  --  * 

32  0  Uup  =  l3'»s.l-t2.5o*3lN(CEGpA3*3o0.'*  (  2  72 . 1  4-FlO  A  T  ( I  OA  Y  ) )  /365  .  ) 

330  CJNFINJE 

■pETuPN  "  "  ” 

C 

C  DON. IT  OATm  fop  constant  suht-o^t  case 

°1J0  3  continue 

um.'m  Fn-Hx,  ThMIn.hPTHma  ,HrTH..N/70  .  ,  50.  ,  13.  ,7./ 
o.r';=  (  T  4  M  Ax  -  T  h  M  _  I, )  /  (  hr,  T  H  A  A  -  rlr\F  H  I  H ) 

3  _  p  2  =  (  T  A  H 1 N  - 1 « "1  •*  X  )  /  (h,-vTNI.N  +  2a  .-hrTNAX) 

C  J  J  i  M  r  SOLA*  OaFA  FQy.  SJ.NNY  OAT  CALCULATIONS  .--w/SU-M - 

u  4  F ..  0HJa/3*0.  ,3.  l?2,ls/.l,-»bs.l,/53*l«lJa:><:?, 

*  12 j 2. 2,131a. o,1337  *6,1319.6,  1202.2,  10  0  3.?, 75o.  1,463.1, 

*  lo7. 1,3. 132, 4*0./ 

I  F  (  NT  1  HE  .  EC  .  0  )  OmTE=INOATE  fi  IF( HTI ME. GT *  0)  0  A  T  c=  0  AT  E  +  10  0 
JJ  iu20  l=l,2t 
H  \  =  w  “  1 

T  A  M  l>  =  7  A  M  IN4-  SLP  1*  (  Hp-HipT  Hi  N) 

IF  (Hf  .lT  .  H.Pi  .'UN)  FAM3=rAMAx*3~°2*  (rtp>24N-FPTHAX) - 

IF  (  n  P  •  j  T  .  n  p  T  h  A  )  T  A  M3  =  T  4  H  A  a.  4-  3  _  P  2  *  (  rl  P-H  Pi'  M  *t  X  ) 

ThO (u)=TAM6  6  0ElG(l)=2.23?2  a  Uhu{L)=UHOxIL) 

^  1  J  2  J  Cu.4 1  I  NUo 

GO  TO  220 

3030  ^OPHmT  (  7  X  ,  12, 1a,  12,  lA,t  2,  lx, 12,  lX,Fk,.0,4X,F2.J,  1X,F3.1) 

C£££££ £s £s££=£££££££££=££ £££££==£££££££££££££££££££££ £££ 

3  J  j.-.CuT  I  fft  a  UN  5  PC 


Cj3p-.uN/3umL)1/nT,NF,NT  ,NHAx,  <F  13.)  ,IC,.V(jj)  ,wF450)  ,  s.  T  ( 5  0  >  , 

1  X  .  u  u  ,  K  x  w  ,  i  I  Fma,NlF,^,JNITj,XAUavw,XCmwC,Puu^T  fXCUNU 
JJ  l.lu../  3  lhOZ/  nTI  HE  ,  HT  -  Hr. ,  x  T  I  i-IE  ,  UM  r  E  ,  OAT  ,L)  A  f  1,  Jm  <Z  ,  NO  AY  (  12  )  , 

1  HO  i  >!  j  1  ,  Y  ,  1 4  H  0  «  N  u  m  Y  1 ,  IN  0  A  F  E 

C  0  H  fi  0  "i  /  3  l  l  U  3  /  f  13  0)  •  T  U  (  5  i )  ,  C  3  M  (  3  0 )  ,  3  <  9  3  >  ,  S  P  (  3  J  )  ,  Cu  N  J  l  3  0 , 5  3  )  » - 

1  iCuN(3U)  ,CFAC0(  3  J  J  ,£PxT  (»:)l  ,  Fn  ( a  J  ,  3  0  , 2)  ,  r  0  (  s  J  ,  H  ,2) 
u  u  H r,  u  N  /  J  u  » 0 *,  /  4  (  3  0  ,  o  u  I  ,3(10)  ,  a 0 3  \  J  1  (  3  O  )  *  3>)  3.P  C  ?  (  3  0  )  ,  S  0  C J  N 1  (  5  0  )  , 

L  j  )  UL  N  2  (  3  O  )  ,  G  YHF  ,  OJCljOuhT,  ..A  ,  -0fi  2  ,  Ul  NC  ,  NT  FAN 

uU  Mu’*.  JL4L3/3UHr»F  ,  ^  I N  ,  Jui.’IJ,  Fho  *  f  ,<A>.  , 

1  Fi  ,(  .  H  l  a  ,  CL  G.v  A  j  ,  F  3  4  C  E  ,  „  .  ,  F  '(>.^,1  .I.N,F34.P,FmCI,K£iH..  .  f) 

C  U  H  .1  u  n  /  J  l  A  0  0  /  0  3  P  C  (3  0  )  ,  Q  J  0  N  (  3  O  )  ,  QC  i2(iJ0),3')Cl21(10  0)  , 


o 


i  s  iwizz  i  iai  > ,  tcm:  n,  tc*a*  ,  rc.'ii..Ny  tcni.nj  ,  rw  haxn.tcmmaJ  ,tcuol 

nldjuGlNf 

tfjHiij’i/  jL.MU*3/iJHY  %  I  j  •*  r.  (  *  1  1  *  u  f  t  num  FA  t^HOON  V  »  A  *.  A  T  yJuC*«uv 
I*  A  ^  K  t  T  Jl  I  )  w  w  f  v«  g  j  J  '  ^  1  ^  »  I  jiw  1  iiwhT  »  w  ■J  »>  A  r  1  Jj>r^ 

^  f  ^  Aw  *.  A  I  twi'^ul  f^'4jlt^wOv>w(  lOjrtif  lij  jHw 

C  J  1  «1  ^  N  /  3  L  A  J  -J  /  r  -  J  (  ';  ^  )  •  V  Z  w  J  l  p  3 )  »  *  M  3  (  5  C  )  j  N  J  j  »  I  *3  CL  (15)  » - 

1  r  l  wT  ( 1  ? ) «  n  mZ  .  h  ( :  p)  ,  ( ip  > 

d  >.r  k  (  1 ;  }  I  J  M  A  <\  j  (  lj)  f  jSi  ^  t  (  1  ‘j  i  #  T  j  L  (  l.p)  t  jh  i  j  (Ip)  1 1  S'J«.  X  (  2**  ) 

£  wl  •'1 U  -  •  /  jLmjI  J/*)jN''UAi  J  G  r  f  (pi  «  C  A  *  K  M  J  t  f  Z  C. J  f 
l^wo\N,  :  l^ufUl-Jb)  »  :  ^uN  (  13  J  )  I  U  (  1  0  2  )  f  M-JJ  U  11  3)  t  uG  (  1  00  )  ,  JN  (  1  Q  3  ) 

U  J  *4 » 1 0  N  /  j  l,m  j  11/  1  itT  Gi^Zi  iu  ^lOot^Oj  f^uiMTOi  S'jj  j*\t  j  ii  i  f 

1  j  ' j 

C  J  1  ns.  r.  /  ir,  u  M  3  £  /  ^  0  l  F  *  k3  0  'J  (50)  y  ,<  /  £  N  7  *  I A I  \ ,  J  A I  R  ,  R  iN  GT  H  y  -4  HO  S  R  » 
i  «5r>', ■ir*FC3i'>»jw^fr^cjAr»j3vitN>'Ai.’w"  ~  ’  - 

L.jMrlw',  /  lOrt  Ji/  IS; c  C3  Ply  I  j  L  ,  4.  J<2  ,  wPR  I  NT  H,  I PR  INTO,  IPril  NT i y IPR 3  H  t  <h£3PR 
cj'i.i-N/n.-.cS/i. dbHT J^uTt  tinl 
JiltnjIJN  £07(12) 

INTcucR  Lw  Y  y  uA  Y 1  y  J  A  Y2  y  f  R  t  u  A  T£  y  UN  I  7S  -  ■ 

0 m T m  £07/~ll«2f-13y9y—7 • 5 1 1 • 1 y 3«3(*l*yy*6i2i*2#4f7*3 y 

a-)  =  -»^iS  CTIrtc)  *GnCJNV  S  TAM3=TAiO  (ITI.lE)  . .  ..  .  . 

l  L  )  5  T  1 1  h  )  -  TANS 
**  3j.a\  n:^!  SOU\l: 

irti^j,.  ,_£.J)  n£TURN 
CO  1 A  J  *  =  1 y  i  J  M  A  A 
1  -y  3  o(i)-iAli)  —  0  • 

2jz  =  c..nc  =  g.  s  ';tran=cy - 

1  r  (  ul"  •  L  -  •  5  •  )  r,£  7  U R N 

l. i  Z  -w.1 

--  SJ.-4N  ri-.e  and  hjuh  ang.e 

Sj  iii“lc.  =  Tj.'ltX*-r_OAr  (liD.Xtin  >lc )  )  ♦•E0T(HC)/6  C.~3lC(iG/15«~.5 
rl  \=  15  .  *  (  1  2  . -SuhT  INE  ) 

2  o  S  ri',:  2  2  5  (  J  £  G*.  A  J  *  rt  -i  )  i  3 I NH \= 31 N ( u£GRA J*H R ) 

- jj  (  Hi.1  4’UuC. 

SINpC.I  =  C  G3_  AT*  CO  SCEC*C3SHR«-.>  IHLA7*3I.T3EC - 

If  (  ji’ti.T  >l£>  u<)  xc.TUA.4 

m. TiA.I.,  (SiNAwT)  S  CCSAlT -COS  (A_T  ) 

—  -  j  J  i  ►*  Z  -  M.  J  T  n 

Si  4 «« Z 1  =  2  Go  0  £  C  *  S  *  N  H  R/ 2  0  S  Aw  T  $  •iZIM^ASL^  (  SINA  ZI) 

IF  Usi  (-*)  .uT.HiCRIT)  AZIM= ( Pi-AaC < AZIN) )  *A  ZI.1/mo  S  £  A  Zi  M> 

—  Cu-lcC70r  INPUT 

Ir  (TIwTC.lE.I.O)  GO  TO  IS  3 

CA  _  CC-LECT  (CH,  AZl  'fySr  NA_r,  G  JSALTvPP)-"5-G3-TO  -i’0 - - 

ioO  0£x  r  =  -s?*s:  ;<al  r  s  pp=qi/3£xt 

17Jf,J.<  =  i.79*PP-J.55 

irlrltwNyLTyG*)  r  UON  =  0  .  S  if  ( r  Q  ON  •  G  T  •  1  • )  FOO.'i— 1* 
uJN  =  FGj  (♦ CONN AX 

JiJEn.:jjN*iI.N«Lr  $  20iF  =  CH  —  20E.R 

—  S  J  _  A  R  h£^I  S0UA.CS  *(OG£S 

00  a  Cl  J  =  1  y  NJS  ‘  - - - 

4* ill« ( J ) 

«AZi  =  '>iZlMlJ)  i  ,SG_=GG.Z  (J) 

3l<iI»T  =  UlN(j£G*.AJ*Tl!_r(J))  S  CO  iTILT  =  COS(OECiAJ*TI_T(J)  ) 

--  AZiMJfH 

G^'l-y-Zi'l^wEvjr^^J^WrtZi.  S  C  o  S  G  A  .*i  —  C  0  S  (  G  A  ri ) 

Ai'iOL^  Or  INOIOzU^- 

CjSif.Ss:0CSAuT*SIi-iTI^r*3CiGA'l*-jlNAur*COSril.T 
4  r  (w443A'iC«w£«l)*)  Cl'  Si  AU  =  •  0  3  4  1 
A  »  :  4  -  J  l  i  ^  o  i  4 1  ( j  J  S  liSiNi-iyiitAiNl) 

~~  f\E3nE.  ■<£  l*  F  I  Oih  FOA.  Ac  r  L  -  C  T 1 0>) 

f  r  >* i y «  -  i  «  ArctF=  G  •  S  if  ((Nil >  cA •  0 )  vj 0  TO  230 

N  j  F  =  2  *  'i  G  L  -  1 

a  r  (  4 1  C  #  cC  *  j  i  )  GO  TO  23D 

AA£rr^iiG(Si.<i'lC/rcI’iOt.!<)  5  < =  »»I No~>«  <£F  5  Y^AiOC^Arcr 
%1  s  li.fiU)  / jIMi  )  )  *  ♦  2  5  \Z:(rM(Al/rA,((f)l**2 

-  r  1  =  1 1  .-<1 )  /  (  1.  S  12- (  1.-k2)  /  <  1.  *-n2*MGF) - 

T*: A.4o  =  C.SM7  1  f T 2 )  S  GC  1  0  23  0 

aZJJ  (  K.;OtA-  l.  I /<  AI'tCEXH. )  )  **d  i  Ti\ANS=  (1  .-•})  /  ( 1 .  +R»NGF) 

230  wOli  —  < c c 

--  A  i  j  J,\5  T  I  0  ft  iN  Gw  A  ZING 

G_Ajw  =  £aP(-£a*TjiZ(J)/CG5 (A  REF) ) 

“  —  SMn  J  a  io  r  i',  ort  I^O  0  )  C  \H  »<  1  G 

Ar  Aa,  f:  1  ,  C  3  a)  (  (  J)  •,  E  •  i]  i  )  ’sjC)  TO  3-yO 

r^NwFF-ilNALl/UOuAwT/UOjU^'l  . .  -  *  ~  ' 

IF  (  TA),£rF  «uT  •USlFR(J)/jmAa»G  (.0)  )  GO  TO  3*0 

AfAwr=l»_(wnAiV.>(J)  ♦Tw;i£FF-jS£r‘R(J)  )  /  (Si  ■)Ta.wT*,C'OSTIwT*TAN£FF) 
if  (>if*4A/t  aCI  «1<l))  AFmwT-IaO  i  ifl^)  miT*wF  *J*  )  wFmCT  —  0* 

3i0  O J Nm-iJ ) *nr AcT 


i?cCu_Ar<  REFcscroPA  (horizontal  kith  vehTICmw  collector) 
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CD 


ai.4j\  =  0.  5  IFlRi. f. uTH. EG. 0. 3. Q.^.iin OS K.EJ.O.)  GO  TO  330 
IF  (  a  .  Or.  .  i  )  4»  G  T  j  JJU 

xF(»,3j4jAM).Gt»Px/2.)  jO  TO  3  id  &  Tf»NjA1  =  /«3  3(7>»G(GAM)) 

X»ErF  =  JJ3b<»'!,vJi»''»r/oI'J~-r  S  IFJ.-ii»£Fr.jJ'.\wNvjril)  rLEFF  =  ^LN>jTH 
3i  r  *r*iu<M/  Aji1!1.  <  F  5  A  3  i\=i\»£F  F*  ( 1  •  -  .  3  •  J/iO  rf) 

j.  F  (  un  3«  •  GT  •  1  •  )  AS*.  =  .3*A  j5  -i  *  7  /  7  AGG  AM  — 

J  d  0  wJ>*[  iSJl 

C 

G  --  InG I  aEsT  SOlxR.  44GIATI0M 

Gi  i>»  u*  =  g  J  N  A  *  o  l>3  I  'tC  S  Ql'tu~-JJ1F*  .‘3*  (  1.  ♦GuoTIlT) 

3 1  N  -\F  =G-t  *  1.3*  (  1  . -l  0  aT  IuT  )  *FIjh)  *■  )G  IF*FG  3.*<*.v"iO  Sri 

33  E  »»M  =  3i  NGN  *GI  N3  K  S  GO 1  FF  =  Gi  NOF  *  Gi  N>iF  3  QIMC=^3EAH  *3  OxFF 

IF  (uisO.LT.aiCjr  •  avG.t.lSNI.GT.O.QI)  K3  H'J  T  =  K  C  0  0  L 

IF(\j.nUr»t'j»l)  \  E  T  G  A,  N 

Or  G*.  nC  i  IF  ( !■,  ji.  .lE  .  0  )  00  TO  <♦90 

c 

U  ■*”  N  T I  £w  F  AOIATxON  -  ■  -  -  ■  - 

oji=oj£am  s  oo2=gdiff  s  Arz  =  i. /float < oGu ) 

7A'Jj*.=  T \A\3**AfZ  S  TAJjF=  (  L.-KOIFf  (NbLl  )  **ayz 

-  LLw  =  N0L*J«A*2  "■■' - - 

JJ  * a j  IX=1jNGl 

0:01  =  ^01  *tajua,  $  oiN2  =  oa2*r;uoF 
J2I=0*M.*0<_AOS  i  GG  2  =  31 N2  *  (  1  .  -  3A  3  S  (  J  )  ) 

I F  (  j  .:»£  .  1  )  jO  TO  <*3  0 
C  —  A3aO-\ac.G  F.au  i  A  T  I  Of.  H  EA  T  GOUiGES 

Lta'^LL'.A  5  lvl"4  luCl.  (te*  ) 

0-3j  =  lIn1*(1.-0wA3S)«-«:.n2*0A93(J) 
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PASOLE:  A  GENERAL  SIMULATION  PROGRAM 
FOR  PASSIVE  SOLAR.  ENERGY 

by 

Robert  D.  McFarland 


ABSTRACT 

The  PASOLE  computer  program  was  developed  to  do  simulations  of 
passive  solar  heated  buildings.  Modeling  is  done  using  a  general  thermal 
network  method  that  allows  for  heat  sources  and  thermal  storage.  Sun  posi¬ 
tion  equations  are  used  with  a  global-to-direct  solar  radiation  correlation  to 
develop  solar  heat  sources  from  measured  insolation  data.  Models  of  a  par¬ 
ticular  class  of  south-mass-wall  passive  buildings  have  been  developed  and 
are  described  in  this  report. 


INTRODUCTION 

PASOLE  (PAssive  SOLar  Energy)  is  a  computer  program  that  incorporates  a  general,  thermal 
network  solution  of  an  interconnected  system  of  uniform  temperature  regions  with  time-varying 
boundary  conditions  and  heat  sources.  PASOLE  was  designed  specifically  for  detailed  analyses 
of  passive  solar  heated  structures  and  includes  algorithms  for  calculating  solar  sources  in  a 
general  way.  Because  of  its  generality,  PASOLE  can  be  used  to  simulate  hybrid  or  active  solar 
heating  systems.  The  PASOLE  format  allows  the  user  to  describe  the  thermal  network  model  hy 
specifying  nodes  that  represent  finite  regions,  connections  between  these  nodes,  and  parameters 
associated  with  the  nodes  and  connections.  These  specifications  are  made  in  FORTRAN  sub¬ 
routines  in  the  program.  PASOLE  is  not  a  standard  "user  oriented"  program;  that  is,  to  use  the 
program  for  other  than  the  specific  models  for  which  it  is  programmed,  the  user  must  have  some 
knowledge  of  heat  transfer  principles  and  FORTRAN  programming. 

In  describing  the  program,  we  will  refer  to  a  particular  class  of  south-mass-wall  (SMW) 
passive  solar  heating  svstems — the  network  models  for  which  this  version  of  PASOLE  is 
programmed.  Although  PASuLE  was  not  written  specifically  for  these  particular  models,  they 
have  been  used  for  extensive  parametric  analyses  and  serve  as  an  example  of  how  simulation 
models  can  be  created.  For  these  models,  hour-hy-hour  simulations  for  one  full  year,  using  real 
weather  data,  take  about  1  min  of  central  processor  (CP)  time  on  the  CDC  TfiOO. 

Most  of  the  variables  in  the  ;  .ogram  are  given  in  Appendixes  A-C.  The  FORTRAN  listing  in 
Appendix  D  includes  numerous  comments.  A  sample  output  is  given  in  Appendix  K. 


TI1KUMAI.  NETWORK  MO  DHL  OF  PHYSICAL  SYSTKM 

The  system's  physical  and  environmental  structure  is  represented  by  n  network  of  N  nodes, 
each  representing  a  region  of  uniform  temperature.  Kach  node  mas  be  connected  to  any  other 
node  by  a  thermal  conductance  is,  such  that,  the  rate  of  heal  flow  from  node  i  to  node  j  is  linear. 
q  .  =  K„  (T,  -  Tj).  Kach  nude  may  have  a  heal  capacitance  M  and  a  heat  source  rate  K.  The 
source  rate  K  may  be  a  linear  function  of  the  node  temperature  K  =  S  +  B-T. 

The  heal  balance  at  any  given  node  i  at  time  t  is 


V  (VTj)  *  "i  <dT/dEh  ■  si  *  Vo 


0) 


where  j  denotes  each  of  the  other  nodes  in  the  network  system.  Many  of  the  X./s  usually  are  zero, 
hut  KI(  is  always  zero  tor  j  —  i.  Marty  nodes  have  no  heat  source  term  (S,  =  B,  =  0)  and  many 
have  essentially  no  heat  capacity  (M,  =  0).  When  the  node  is  massless  its  temperature  is  not 
directly  dependent  on  its  temperature  history,  so  it  requires  a  slightly  different  mathematical 
treatment,  as  shown  below. 

By  rearranging  Kip  (t)  to  obtain  the  time  rate  of  node  temperature  change  (dT/dt),,  and  by 
separating  variables  and  integrating  over  the  time  interval  from  t°  to  t,  we  obtain  the  node  tem¬ 
perature  change  over  time  increment  At  by 


Ti  -Tt 


L 

■  / 


Si  +  Bt  Tt 


dt  + 


JL  t 

I  /. 

J  =  1  t° 


K.  . 
V 
M 

1 


(Tj  '  Ti) 


dt 


(2) 


where  the  superscript  zero  denotes  conditions  at  the  "old"  time.  l° 
The  average  values  of  the  integrands  are  assumed  to  be  a  linear 
■  times  t°  and  t.  Betting  T  he  a  general  integrand 


=  t  -  At. 

function  of  their  va’ues  at 


t 

J  I  dt  =  I  it,  (2a) 

t° 


where  I  =  1  I  +  (1  —  f)  I".  Although  f  may  be  varied  in  the  program  and  may  take  any  value  from 
zero  to  unity,  a  value  of  0.5  usually  is  used  because  it  is  the  most  accurate  and  results  i:i  stable 
solutions. 

Some  nodes,  such  as  outside  air  temperature,  have  "fixed."  or  known  temperatures  at  a  given 
time,  whereas  other  node-  have  "variable"  or  unknown  temperatures  that  must  lie  determined. 
Let  XV  be  the  number  <>l  variable-temperature  nodes,  NF  the  number  of  fixcri-temperature 
tuaUs,  and  N  the  total  number  of  nod.es  By  inserting  t he  integrand  approximation  into  Kfp  f.M 
and  collecting  terms  that  contain  the  unknown  Tlt  the  variable  T/s,  anal  the  constant  terms  for 
each  of  tin'  XV  variable-temperature  nodes,  we  obtain  a  set  of  NV  linear  equations  with  NV 
unknowns. 
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aijVb1 
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wh.ere 
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/  H 
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For  M,  =  M“  =  0,  bi  reduces  to 


N  \ 

f  (S.  +  I  K. .  T.) 

j-l  U  V 


from  Eq.  (1),  and  f  cancels  out  cf  the  equation. 


SOLUTION 


Temperatures  are  determined  using  F.q.  (a)  and  a  standard  linear-equation  solving  techrvque. 
In  this  case  the  Los  Alamos  Scientific  Laboratory's  (I.ASL)  library  routine  LSS  was  used  to  solve 
the  variable  temperatures,  alter  the  values  of  the  a  and  h  arrays  had  been  determined.  Because 
many  of  the  variables  used  to  determine  the  a  and  b  arrays  can  be  functions  of  temperature,  thus 
making  the  problem  nonlinear,  an  iteration  loop  is  provided  at  each  time  step  to  obtain  tem¬ 
perature  dependencies  where  the  temperature  determined  from  the  previous  time  step  is  not 
satisfactory.  This  problem  .irises  particularly  for  natural  convpction  (thermocirculation  or  ther- 
mosiphon)  connection.,  ami  thermal  radiation  connections. 

It  the  cue!: ic.-.-nts  a,,  : :i  !•!;•  id )  are  con, taut  — meaning  the  conductances  tire  constant  — the  -et 
of  linear  equations  can  he  s.  >U  ed  at  t  he  beginning  of  the  program  run.  This  results  in  a  set  of  coef¬ 
ficients  saich  that  the  node  temperatures  can  then  be  determined  by 

rtv 

Ti  =  y  Fij  bj;  1  =  1  >  ,iv>  <->> 
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when*  the  b  arrays  are  ns  described  in  Kq.  {"•). 

Use  of  t  his  opt  ion  can  red  use  computation  time  considerably  for  models  with  numerous  nodes. 
In  PASO  Lli,  four  sets  of  F,,‘s  are  calculated  -  for  daytime  or  night t i me  operation  wit h  a  fixed  or 
floating  "control  node"  temperature. 

CONTROL  TEMPERATURE 

A  particular  temperature,  such  as  room  temperature,  is  monitored  by  a  control  node  to  main¬ 
tain  it  within  prescribed  bounds.  At  present,  only  one  control  node  is  allowed.  When  this  tem¬ 
perature  is  within  the  prescribed  bounds,  the  con!  rol  node  is  a  variable -t emperat  ure  node  and  no 
auxiliary  heat  source  is  required.  When  the  control  node  temperature  goes  beyond  a  temperature 
bound  during  a  time  increment,  the  control  temperature  is  fixed  at  the  bound  and  an  auxiliary 
heat  source  is  calculated  to  maintain  that  temperature. 

N 

Lux  --  I  V  <L  -  V  -  h  -  Vi  . 

j  =  l 

where  Tj  is  the  fixed  hound  temperature  of  the  control  node.  In  some  models,  the  thermal  con¬ 
ductance  value  of  a  connection  to  the  control  node  can  be  varied  within  certain  bounds  (such  as 
for  proportional  control  dampers).  This  variability  reduces  or  eliminates  the  need  for  an  aux¬ 
iliary  heat  source  to  maintain  a  control  node  temperature  bound. 

When  the  operating  mode  of  the  control  node  changes  during  the  time  step,  the  time  step  is 
subdivided  and  two  or  more  calculations  are  made.  Running  sums  of  positive  (source'  and 
negative  (sink)  auxiliary  heat  sources  are  made.  The  sink  (cooling)  calculation  is  divided  ''  :-’her 
into  "ventilation"  and  'auxiliary"  cooling,  depending  on  whether  the  cooling  occurs  whet;  out¬ 
side  air  temperature  is  below  or  above  the  control  node  upper  bound  temperature. 

Running  sums  also  are  kept  of  the  total  heat  into  and  out  of  individual  nodes,  the  total  node 
beat  source  and  sink  other  than  auxiliary,  and  total  connection  hen;  Hows.  For  bookkeeping  pur¬ 
poses  the  auxiliary  heating  or  cooling  of  the  control  node  is  not  combined  with  any  other  sources 
for  that  node. 


THERMAL  CONNECTIONS 
The  most  common  thermal  connection  is  the  "UA"  type 


K. 


1J 


=  Uk\ 


(6) 


where  l.’k  is  the  overall  heat  transfer  coefficient  for  connection  k  between  nodes  i  and  j.  and  A,  is 
the  heat  transfer  area  of  connection  k.  Many  models  have  an  udvection  connection  th  it  results 
from  t hermm irculation.  Tile  algebraic  form  of  this  connection  conductance  depends  on  the 
assumed  temperature  distributions  in  the  legs  of  the  circulation  path  and  the  relation  between 
the  temperature  distributions  and  the  temperature  of  the  nodes  that  represent  t  hese  legs.  A  com¬ 
mon  example  is  a  Tromhe  wall  collector  that  has  an  advection  connection  between  the  room  and 
I  be  heated  air  space  between  the  wall  and  glueing.  If  it  is  assumed  that  the  temperato.ro  distribu¬ 
tion  in  t  he  air  space  is  linear,  such  that  the  air  space  node  is  at  i!u*  arithmetic  average  of  the  inlet 


and  outlet  temperatures,  and  that  the  room  air  is  fully  mixed,  the  thermal  conductance  is  given 
by  Kij  =  2pCpv,  where  is  the  iiir  specific  heat,  />  is  the  air  density,  and  v  is  the  volumetric  air 
flow  rate.  Because  the  value  of  v  depends  on  the  average  ,air  column  temperatures,  the  thermal 
conductance  is  highly  temperature  dependent  and  iterations  are  required. 

In  the  example  model  for  a  Trombe  wall,  the  thermocirculation  flow  is  calculated  by 

V  =  C  .  A  v/gH  AT/T  ,  (7) 

G  V 

where 

Cd  is  the  vent  discharge  coefficient — taken  to  be  O.S, 

Av  is  the  area  of  one  row  of  thermocirculation  vents — top  or  bottom  (assumed  to  be  the  same), 
g  is  the  acceleration  due  to  gravity. 

H  is  the  air  column  height, 

AT  is  the  difference  between  the  average  temperatures  of  the  wall/glazing  air  space  and  the 
room  behind  the  wait,  and 

T  is  the  average  absolute  temperature  of  the  air  space. 

Equation  (7)  was  derived  by  considering  a  driving  force  caused  by  the  density  difference  between 
the  two  air  columns  and  a  flow  resistance  from  two  rows  of  vents  in  series,  assuming  the  vents  are 
the  dominant  resistance  to  air  flow.  The  equation  must  be  modified  if  there  is  another  significant 
flow  resistance,  such  as  that  to  flow  in  the  wall/glazing  air  space. 

For  problems  involving  one-dimensional  transient  conduction,  such  as  in  thick  masonry  mass 
walls,  an  adequate  model  can  be  made  using  several  internal  nodes  in  series,  in  which  each  node 
has  a  part  of  the  total  mass  associated  with  it,  and  massless  nodes  on  each  surface.  The  nodes  are 
connected  by  appropriate  conduction  UA  values  in  the  direction  of  heat  flow.  Other  schemes  in 
which  each  node  has  some  mass  associated  with  it  may  also  give  good  results. 


INSOLATION 

Any  node  may  have  several  solar  heat  sources  with  various  insolation  areas,  glazing  tilts  and 
azimuths,  number  and  thickness  of  glazings,  and  solar  absorptivites.  In  some  cases,  the  ap¬ 
plicable  external  insolation  is  read  directly  from  the  weather  data  file;  in  other  cases,  the  weather 
data  insolation  is  for  a  horizontal  surface  and  a  correction  to  the  insolator  orientation  is  required. 
Also  required  are  estimates  of  reflected  insolation  and  glazing  transmission.  The  equations  used 
to  determine  the  insolation  on  an  internal  solar  collector  surface  are  given  in  Appendix  A  (most 
of  t he  equations  are  from  Ref.  1).  The  solar  sources  are  added  to  other  heat  sources  that  have 
been  specified  for  that  node.  The  solar  source  for  node  i  is  calculated  by 

S.  =  QTRAN.AGLZ-ALFA  ,  (S) 

where  QTRAN  is  the  solar  flux  transmitted  through  the  glazing,  AGLZ  is  the  area  of  absorbing 
surface  associated  with  node  i,  and  ALFA  is  the  solar  absorhtivity  (if  the  surface.  Solar  radiation 
not  absorbed  by  the  surface  is  assumed  to  be  lost;  that  is,  internal  reflections  are  not  accounted 
for. 

In  the  present  PAFOLF,  model,  glazings  of  the  primary  solar  source  are  represented  by  nodes. 
These  nodes  are  given  heat  sources  equal  to  the  solar  radiation  ahnorbed  by  the  glazing.  The 
model  could  be  expanded  to  allow  for  heat  source  nodes  in  the  glazings  of  all  solar  sources. 


PHASE-CHANGE  MATERIALS 


Because  temperature  is  the  primary  dependent  variable,  it  is  not  convenient  to  handle  he.it-nf- 
fusion  as  an  isothermal  enthalpy  change.  Problems  involving  phase-change  materials  have  been 
solved  by  representing  the  heat-of-fusion  as  an  increase  in  heat  capacity  over  a  given  tem¬ 
perature  range  of  about  10  to  2(PC.  For  these  problems  the  heat  capacitance  becomes  a 
temperature-dependent  parameter. 


PROGRAM  STRUCTURE 


PASOI.E  consists  of  a  main  program,  seven  subroutines,  and  one  fund  ion  (Fig.  1).  All  hut 
one  (COELECT)  of  the  subroutines  are  called  directly  by  the  main  program.  In  addition  to  the 
PASOI.E  subroutines,  several  routines  in  the  LASL  computer  library'  also  are  called  by  the  main 
program. 

Three  time  step  loops  are  set  up  in  the  main  program.  The  outer  loop  advances  the  month,  the 
next  loop  advances  the  day  of  the  month,  and  the  inner  loop  advances  the  basic  time 
step — usually  1  h.  Another  loop  inside  the  inner  t  i me  step  loop  is  used  (or  iterations,  if  required, 
for  temperature  dependence  of  the  coettioents.  Coefficients  a,,  and  b,  of  Eq.  (3)  are  computed  in¬ 
side  the  iteration  loop.  Equation  Cl)  is  solved  using  the  LASL  library  routine  LSS,  or  the  tem¬ 
peratures  are  determined  directly  by  solving  Eq.  (4).  If  any  of  the  calculated  node  temperatures 
deviate  from  their  previous  iteration  value  (or  from  the  previous  time  step,  if  the  first  iteration) 
by  more  than  the  specified  value  of  TOUT,  another  iteration  is  made  using  the  calculated  tem¬ 
peratures  as  the  new  values.  The  iteration  proi  ess  continues  until  convergence  is  reached  or  until 
ITMAX  iterations  have  been  made.  Ifconverger.ee  is  not  reached  the  run  is  not  stepped,  but  the 
output  counter  KEUR  is  advanced  by  one. 

If  the  control  node  changes  operating  mode  (from  fixed  to  variable  temperature,  or  vice  versa) 
during  a  time  step ,  the  basic  time  step  is  divided  into  twoor  more  smaller  time  steps,  but  no  new 
solar/weather  data  are  obtained. 

At  the  end  of  each  time  step,  heat  flow  sums  are  updated,  variables  are  set  for  tire  next  time 
step,  and  film  file  variables  are  set  if  graphic  output  is  to  be  obtained.  After  all  the  time  step 
loops  are  completed,  the  summary  output  is  made.  For  parametric  studies  the  entire  program  is 
put  in  a  "problem"  loop,  in  which  specific  parameters  are  varied. 


SUBROUTINES 

The  data  required  to  run  the  problem  and  the  parameters  (Appendix  B)  that  describe  the 
model  structure  are  set  in  subroutine  INDATA.  We  also  could  use  INDATA  to  read  data  from 
cards  or  from  another  file.  All  data  written  into  IX DATA  are  given  in  FORTRAN.  Except  for  a 
block  of  default  values  at  the  beginning,  INDATA  probably  would  be  changed  completely  for 
each  ditfereni  model. 

Preliminary  calculations  are  done  in  subroutine  PRIME,  using  the  data  supplied  in  INDATA. 
Included  in  tne-e  calculations  are  the  setting  up  of  arrays  of  fixed-  and  floating -temperature 
nodes  and  the  determination  of  the  coefficients  F„  of  Eq.  (I),  if  applicable. 

Subroutine  IVW  LY  is  called  once  each  time  through  the  day  loop.  Here,  the  daily  weather 
data  are  read  Irorn  a  data  file  or  are  calculated.  In  addition,  the  solar  declination  and  ex¬ 
tra!  errestr:  d  normal  solar  flux  are  computed  for  the  current  day.  Weather  data  required  are  the 


Fig.  1. 

PASOLE  main  program. 


total  snl.tr  radiation  llux  on  a  I.nuwn  tilt  ( Q H 0 )  and  t  he  ambient  air  temperature  (TAD)  Also 
useful  is  the  wind  velocity  (YKI.D).  If  there  ore  fixed-temperature  nodes  other  than  tile  outside 
ambient.  DAYI.Y  is  a  convenient  place  to  enter  the  temperature  data  for  these  nodes.  H-nior 
weather  data  formats  are  different,  this  subroutine  probably  will  have  to  be  adapted  to  the  par¬ 
ticular  data  set  being  used. 

SUN'SRC  calculates  the  heat  sources  from  solar  radiation  absorption.  Most  of  the  equations  in 
Appendix  A  are  solved  by  SUN’SRC.  If  the  solar  radiation  measurements  read  in  DAYLY  are  not 
taken  on  the  horizontal  plane,  the  subroutine  COLLECT  is  called.  COLLECT  solves  the  does5 
correlation  backwards;  that  is,  it  obtains  the  equivalent  total  horizontal  radiation  from  the  given 
measured  radiation,  the  tilt  (T1LTC),  and  azimuth  (AZIMC)  of  the  measuring  surface  and  the 
assumed  diffuse  ground  reflectance  (KHOC)  pertaining  to  the  measurement.  The  computed 
total  horizon'  <d  radiation  is  then  used  to  proceed  with  the  calculations.  Different  optical  systems 
than  those  assumed  here  (lor  example,  one  with  internal  reflections)  would  require  changes  in 
SUN’SRC. 

Model  structure  parameters  that  should  Vie  furnished  by  IN’D.ATA,  but  that  are  temperature 
and/or  time  dependent,  are  calculated  in  subroutine  PROP,  which  is  inside  the  temperature 
iteration  loop.  PROP  is  called  just  before  the  solution  of  Eq.  id)  for  node  temperatures  is  ob¬ 
tained.  This  subroutine,  like  IN  DATA,  probably  will  require  changes  for  each  different  model. 

Subroutine  CONTROL  determines  whether  a  change  has  taken  place  in  the  operating  mixle  of 
the  control  node.  If  a  change  has  taken  place  the  flags  KlCHNti  and  K1C  are  set,  the  fixed  and 
variable  node  number  arrays  are  adjusted,  the  time  at  which  the  node  change  occurs  is  deter¬ 
mined,  and  temperatures  at  this  time  are  calculated  by  linear  interpolation.  A  new  time  incre¬ 
ment  is  then  determined  for  the  remainder  of  the  original  time  increment. 

Descriptions  of  the  variables  found  in  the  common  blocks  are  given  in  Appendix  C. 


COMPUTER  SYSTEM  REQUIREMENTS  , 

Most  of  the  LAST,  library  routines,  such  as  DATEl,  CI.OCKl,  LSS,  SPLOT,  PLOT,  and 
DECK,  will  have  to  be  replaced  by  local  equivalents.  DATEl  and  CLGCKl,  which  merely  return 
real  date  and  time  values  for  output,  could  be  eliminated.  SPLOT,  PLOT,  and  DI.CH  are  u.--ed 
to  make  SC- 4020  CRT  (ties  for  graphic  output.  If  no  equivalent  routines  exist  or  if  graphic  output 
is  not  required.,  that  section  of  the  program  may  also  be  eliminated.  The  routine  LSS,  called  from 
the  main  program  and  from  the  subroutine  PRIME,  is  used  to  solve  the  set  of  linear  equations, 
Eq.  (3),  for  tlie  T,'s  given  the  coefficients  a,,  and  b,.  Any  computer  facility  of  reasonable  size 
should  have  software  equivalent  to  I.SS. 

PASOI.E  requires  a  field  length  of  57  000  octal  words  for  compilation  and  122  000  octal  words 
at  execution  including  all  library  routines.  No  attempt  has  been  made  to  minimize  the  core¬ 
memory.  The  problems  shown  i.i  Appendix  E  and  in  Figs.  2  and  3  require  I  to  5  min  of  CP  time 
on  a  (  DC  6000,  or  about  1  ruin  on  a  CDC  7(00,  tor  a  yearly  calculation.  Using  the  linearized 
method  of  Eq.  (-1).  the  execution  time  is  reduced  to  about  1.5  min  on  a  CPC  6600. 

The  loaders  u-ed  at  I.ASL  automatically  dear  the  registers,  a  feature  used  in  PA  SOLE 
programming.  Nut  al1  computer  system-,  are  up  thi-  wav,  so  it  tnav  be  necr*-arv  make 
special  provision-  to  clear  the  registers.  There  are  other  dillerences  between  the  CDC  FORTRAN 
and  other  computer  systems,  such  as  multiple  replacement  statements  and  packed  FORTRAN. 
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Water  wall  model  with  massive  exterior  wall  (KWALL  =  1,  NSGW  =  2). 
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MODELING  IlESTR I CTIO NS 

For  simulations  in  the  southern  hemisphere,  changes  to  the  solar  angle  and  time  equations  are 
required.  There  are  no  restrictions  on  initial  temperature  conditions,  but  a  small  heat  balance 
error  will  be  observed  if  the  initial  temperatures  are  not  in  equilibrium.  The  initial  value  of  the 
ambient  temperature!*'  is  set  to  the  first  weather  data  values  in  Sl'NSRC. 

The  number  of  nodes  is  now  limited  to  50  because  of  dimensions.  If  more  detail  is  required,  a 
different  type  of  simulation  program  probably  would  be  better  suited.  The  computer  time  re¬ 
quired  is  approximately  proportional  to  the  square  of  the  number  ot  nodes.  A  model  with  i'O 
nodes  takes  about  40  min  of  C’P  time  on  the  CDC  OnOO  for  a  yearly  hour-by-hour  calculation.  This 
time  could  be  reduced  considerably,  however,  if  the  linearized  calculation.il  procedure,  l'q.  ( I). 
could  be  used. 
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EXAUPI.E  MODELS 

Huilt  into  subroutines  IN  DATA  and  PROP  of  1 1;-*  present  PASOl.K  version  art  two  types  of 
south-mj>->-walt  (SM'.V)  passive  solar  heating  systems:  (1)  Writer  wall,  in  which  the  tiierni.il 
storage  rind  ab>oi  her  vv  all  are  ,ij>um«l  to  he  isotherm  a!  and,  t  here  h  're,  representable  hy  a  single 
notle,  and  (2)  Trotnhe  wall,  in  which  the  transient  conduction  through  the  SMW  is  modeled  In 
several  nodes  in  series  assuming  the  heat  flow  is  one  r!i:nensional.  Figures  2  and  3  show  the  ther¬ 
mal  network  representation  of  these  two  types  of  SMW. systems.  Wall  type  is  selerted  h.v  setting 
the  flag  KWAl.L  to  1  for  a  water  wail  and  to  2  tor  a  Tromhe  wall.  Thermocirculation  of  warm  air 
from  the  w.tll/gia.'.ing  air  space  into  th.e  interior  space  is  control  led  by  tlie  flag  KVKNT,  which  is 
set  to  0  fir  no  thermocirculation,  1  for  unlimited  thermocirculation,  2  fur  backdraft  prevention, 
anti  4  for  t  her  most  otic  cunt  ml  of  th.e  air  t  low.  The  no  ltd  ier  ot  glazings  may  be  v  a  tied  hy  changing 
the  NGL  value.  Tlie  number  r»t  segments  in  the  Tromhe  wall  may  he  varied  by  changing  tlie 
NSEG  value. 

The  basic  models  have  heat  capacitance  associated  only-  with  the  SMWs.  However,  if  the 
parameter  NSGW  is  nonzero,  an  additional  heat  fin#  path  is  modeled  through  NSGW  segments 
of  a  massive  external  wail,  as  shown  in  Fig.  2.  This  one-dimensional  heat  flow  path,  like  that 
through  the  Tromhe  wall  in  Fig.  3,  consists  of  several  internal  nodes  that  have  the  wall  mass 
associated  with  them  and  massless  nodes  on  the  surfaces. 

Parameters  peculiar  to  these  models  and  used  only  in  IN'DATA  and  PROP  are  explained  in  the 
Appendix  D  program  listing.  The  IN’DATA  listing  in  Appendix  P)  shows  the  first  block  of  data  is 
the  set  of  default  values  for  various  "Program  Variables."  Here,  program  variables  are  defined  as 
those  set  in  IN'DATA  and  PROP  that  are  needed  to  run  the  program — largely  tho.se  listed  in  Ap¬ 
pendix  A.  "Model  Parameters  '  are  defined  as  those  used  strictly  in  IN'DATA  and  PROP  to  set  up 
the  specific  model,  that  is,  to  calculate  values  of  the  program  variables. 

.After  default  values  are  set.  the  specific  model  programming  begins  with  the  setting  of  values 
for  the  model  parameters.  These  values  :ue  most  often  changed  when  making  parametric  studies 
with  the  model.  More  model  parameters  are  set  further  down  for  each  wall  type.  Program  con¬ 
nection  parameters  and  node  parameters  then  are  evaluated  using  a  methodology  developed  for 
these  models.  Next,  constants  used  in  PROP  to  evaluate,  temperature-dependent  conductances 
are  calculated. 

The  optional  massive  exterior  wall  is  modeler!  for  NSGW  >  0  by  adding  nodes  anti  connections 
to  those  s.et  above.  Next  is  a  section  for  linearizing  tlie  model  completely,  if  so  desired,  by 
calculating  effective  constant  conductances  for  all  connections.  This  linearization  must  be  done 
if  the  simplified  calculation  (KCALC  “  2)  method  is  to  be  used,  as  explained  in  PRIME. 

A  provision  for  an  outside  insulation  node  on  t  he  SMW  is  used  most  !y  for  non  glared  south  wall 
calculations.  Finally,  an  output  listing  is  made  for  many  of  the  model  parameters  and  resulting 
program  variables. 

In  subroutine  PROP  tlie  volumetric  thermocirculation  flow  rate  is  calculated  for  KVENT  non¬ 
zero  using  the  previously  calculated  temperatures,  after  which  conductances  based  on  this  flow 
rate  are  computed.  Radiation,  and  convection  conductances  between  glazings,  wall,  air  space, 
and  outside  air  are  calculated,  again  Using  the  temperatures  obtained  from  the  previous  itera¬ 
tion.  i  lie  tim'd  section  <>i  PROP,  whtcb  calculates  values  ot  program  variables  U,  CON'D,  and 
SCON',  should  be  retained  regardless  of  the  model  chosen.  Even  when  nil  conductances  are  con¬ 
st. ml,  these  last  calculations  are  made  in  PROP.  Only  the  night  (LX)  and  day  (UD)  values  of 
conductance  are  set  before  these  last  calculations  are  made. 
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SAMPLE  OUTPUT 


Appendix  E  shows  output  listings  obtained  from  running  the  Appendix  D  program  with  the 
specific  model  parameters  of  Figs.  2  and  3  and  using  Los  Alamos  weather  data  beginning  Sep¬ 
tember  1,  1972.  The  first  line  of  each  fisting  in  Appendix  E  gives  real  time  and  date,  and  the 
second  line  gives  the  model  starting  date.  Parameter  values  given  for  "conductance  connections'' 
are  connection  number  -I;  node  numbers  11  and  12  (IlCON  and  12CON)  connected  by  connection 
J;and  UD  (day)  and  UN  (night)  values  of  conductance  in  Btu/h-cF-ft:  consistent  with  AGON, 
which  is  the  connection  heat  transfer  area  per  unit  SMW  glazing  area.  Positive  heat  flow  in  con¬ 
nection  -I  is  from  node  11  to  node  12.  Some  of  the  conductances  are  shown  as  zero  in  the  listings. 
The  zero  value  usually  means  that  the  conductances  are  temperature-dependent  and  have  not 
been  calculated  in  INDATA. 

Ambient  temperature  node  and  solar  heat  source  information  is  given  next.  Following  that  is  a 
block  of  integers  and  a  block  of  real  variables,  which  are  a  combination  of  program  variables  and 
model  parameters  whose  names  correspond  to  those  defined  in  Appendixes  B,  C,  and  D.  Except 
for  the  first  line  in  the  listings,  the  information  is  generated  in  INDATA  when  the  flag  KHEDPR 
is  nonzero. 

The  summary  table,  always  generated  at  the  end  of  the  problem  in  the  main  program,  gives 
monthly  totals. 

DEGDAY  -  heating  degree  days 

QOUT  -  heat  loss  back  through  SMW  glazing 

QHEAT  -  auxiliary  heat  required  by  the  control  node 

QCOOI,  -  total  cooling  required  by  the  control  node 

QSOI.AR  -  solar  radiation  absorbed  in  primary  solar  source 

QUOAD  -  building  beat  load  for  other  than  SMW 

QACL  -  auxiliary  cooling  required 

QSIN'C  -  solar  radiation  incident  on  glazing  of  SMW 

PCTSOL  -  percentage  of  solar  heating  defined  by  I’CTSOL  =  100  (1  -QHEAT/QLOAD). 

Headings  given  in  the  summary  table  nr?  MTIME:  total  number  of  basic  time  increment?  (hours 
in  this  case);  NSTEP:  total  number  of  time  steps  calculated;  N’CAI.C:  total  number  of  tem¬ 
perature  solutions  (including  iterations);  and  KERR:  number  of  convergence  failures. 

If  II’RSM  is  nonzero,  tables  of  the  individual  node  and  connection  heat  flow  sums  are  printed. 
These  sums  are  defined  in  Appendix  C.  Heat  flows  are  given  in  Btu/tt:  of  SMW  glazing. 

In  addition  to  the  printed  output,  graphic  out tmt  can  be  obtained  using  EASE  librarv  routines. 
Graphic  output  is  generated  starting  when  DATE  is  equal  to  10  1  through  the  day  before  102.  Ex¬ 
amples  of  plots  for  the  model  of  Fig.  3  are  shown  in  Appendix  E  (Figs.  E-l  and  E-2)  fi-r  the  same 
Los  Alamos  weather  data  as  above,  DecemherOl,  1972,  through  January  fi,  1973:  ( TO l  =  123172. 
102  =  107731.  Figure  E-l  shows  the  time  variation  of  the  temperatures  of  nodes  1,  G,  8,  and  7. 
Figure  E-2  shows  the  rate  of  solar  radiation  absorption  in  node  1  (the  primary  solar  heat  source), 
the  rate  of  heat  flow  through  connection  8  (the  heat  load),  the  total  heat  flow  into  the  .r'.»->n 
through  connections  7  and  9,  and  the  total  heat  ln.-»s  from  the  south  side  through  connections  1 
and  1 1 . 

Further  results  obtained  using  PASOEE  may  be  found  in  Refs.  3  and  ■}. 
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APPENDIX  A 

EQUATIONS  FOR  SOLAR  RADIATION 

1.  Solar  declination  (deg)’ 

DEC  =  23.279  •  co<  [50  *  (MO  -  1  +  D  AY/32  -  5.7)1, 
where  MO  -  month  of  year  (MO  -  0  tor  .Line,  etc.)  and 
DAY  -  day  of  month, 

2.  Extraterrestrial  normal  solar  radiation* 

QSP  =  A1  -  A 2  *  sin  [060  •  (272.1  +  IDA  Y),3>o|, 
where  A1  -  .26,93,  A2  =  13.50  for  QSP  in  Htmli-I't1, 

Al  =  1346.1,  A 2  =  42.56  for  QSP  m  W/m;,  and 
ID  AY  =  day  of  year. 

3.  Equation  of  time  (EOT)  is  given  in  tabular  form,  one  value  per  month  (min) 


MO 

i 

2 

4  5 

G 

EOT 

-11.2 

-  Ft. 9 

—  75 

1.1  3.3 

-1.4 

MO 

7 

R 

9 

10  11 

12 

EOT 

* Cur\ r  fit  of  in  l>f  J  i>y  ■)  C 

-fi  2 

llfil-tmin. 

-2.4 

7.5 

15.4  13.8 

l.G 

/-* 


1 2 


4.  Sol.ir  time  (h) 

SUN  TIME  =  TIMK  +  F.OT/GO  -  nLONG/15  -  0.5, 
where  TIM E  =  1< >cn I  ,-iandard  time,  and 

Dl.ONC  =  thtference  between  local  longitude  and  standard  time  meridian  (deg). 

(0  5  is  subtracted  when  insolation  data  are  averaged  over  the  preceding  hour.) 

5.  Hour  angle  (deg) 

HR  -  15  •  (12  -  SUNTIME) 

G.  Critical  hour  angle  (hour  angle  for  which  solar  azimuth  is  90°) 

COStHRCRIT)  =  TAN  ( D K C )/T A N ( L AT ) 
with  constraint  that  0  5  COS(HRCRiT)  <  1. 

7.  Sun  altitude  (deg) 

SlN(Al.T)  =  COS(l-AT)  •COS(DEC)*COS(HR)4-SIN(LAT)*S[.X(D£C), 

where  LAT  =  latitude  (deg). 

S.  Sun  azimuth  (deg) 

SlNtAZn  =  COS(DEC)-SlNiHR)/COSiALT) 

AZ!  will  always  lie  between  —  90®  and  4-90°. 

To  find  the  true  value  of  the  azimuth,  AZI.M 

If  i  HR|  S  HRCRtT,  AZIM  =  AZI,  and 

if  1  HR(  >  HRCRIT,  AZIM  =  (ISO-  | AZI; )  •  AZI',1,  AZl'|. 

9.  Does  correlation1  for  direct  normal  and  diffuse  radiation  measurements 

(a)  PR  =  QH  [QSP-MNi.U.T!], 

where  QH  is  total  horizontal  radiation. 

(b)  FQDN  =  l.Tf-PP  -  0.55  with  constraint 
that  0  S  F 0 f ) X  <  1,0. 

(c)  QON  =  FQtJN-QDNMAX. 

where  QDN  =  direct  normal  radiation  and 
QDNMaN  =  ICC')  W/m'  -  317.2  Dtu/h-fP. 

(d)  QD1F  =  QH  -  QDN-SlNl.MT!, 
where  QDIF  =  sky  diffuse  radiation. 

10.  Wall /Volar  azimuth  (deg) 

GAM  =  AZIM  -  WA/.l, 

where  \VAZi  is  the  wall  azimuth;  0  when  facing  south  and  positive  when  facing  east  of  south. 

11.  Wall/solar  angle  of  incidence  (deg) 

COS(INC)  =  C0S(AI/I>SINlTILT)*CO3(GAM)  +  SIN(ATT)*COS(T!ET).  where  TILT 

is  wall  tilt  from  horizontal  — positive  toward  south,  anil  0  <  INC  <  90®. 

12.  Radiation  incident  on  wall  from  specular  reflector.  The  equations  are  only  for  a  horizontal 
reflector  adjacent  to  a  vertical  wall.  Fast-west  dimensions  of  wall  and  reflector  assumed 
equal.  See  also  item  1  ». 

(a)  RI.FFF  -  COS(GAM)/TAN(Al.T). 

ll  ItI.EFF  >  KLNGT1 1.  RLKFF  is  set  equal  to  RLXGTH.  where  RLNGTH  is  the  ratio  of 
the  reflector  length  (N-S)  to  the  wall  height. 


(10  mvow  «  RLE [•  F •TAN  (G  A  M  )/AS  PR  AT,  where  ASPIUT  is  the  ratio  or  the  reflector 
width  (E-\V)  to  its  length  (N-S). 

(c)  ASK  =  RLE  F  F  -  ( 1  -  D  W  0  W72 )  if  D WOW  <  1, 

ASK  =  0 .5 •  A S PKAT7TA N ( G AM )  if  DWOW  >  1. 

(d)  Q1NSR  =  QDN*ASR*RHOSR*SIN(ALT),  where  QINSR  =  reflected  radiation  incident 
on  wall,  RHOSR  =  reflectivity  of  reflector. 

13.  Shading  from  overhang 

AFACT  is  the  ratio  of  direct  norma!  radiation  incident  on  wall  with  overhang  to  that  without 
overhang  (Fig.  A  - 1 ) . 

AFACT  =  1  -  (OHANG-TAN(BEFF)  -  OSEPR]/[SIN(TIL  D  +  COStTILT) 

•TAN  (BEFF)l 

Constrained:  0  <  AFACT  <,  1,  where  TAN(BEFF)  =  TAN(ALT)/COS(GAM). 

,i  r 


Fig.  A-l. 

Overhang  geometry. 


14.  Total  radiation  incident  on  wall  (collector) 

Q1NC  =  QINDN  t*  QINSR  +  QINDF  +  QINRF. 

(a)  QINDN  is  incident  direct  radiation 
QINDN  =  Q  DN  •  A  FACT  *  C  OS  ( I N  C 1 . 

(b)  QINSR  is  incident  reflected  direct  radiation  (see  item  12. d). 

(c)  QINDF  is  incident  sky  diffuse  radiation 
QINDF  =  QDIF-ll  +  COS  (TILT)l/2 
(assuming  infinite  horizon). 

(cl)  QINRF  is  incident  reflected  diffuse — includes  diffuse  ground  reflection  with  infinite 
horizon  and  specular  reflection  of  sky  diffuse  radiation. 

QINRF  -  QH*RHO"0..V[t  -  COStTILT)  1  -  FCSR)  +  QDIF -FCSR-RHOSR, 
wliere  RIIO  =  ditfuse  ground  reflectivity,  FCSR  =  view  factor  between  wall  and 
specular  reflector. 

For  this  reflector  model  (see  item  13) 

FCSR  =  O.o  (RI.NGTH  +  2  —  ^KLNGTIF  +  1)  approximately. 

tAvitiinfd  to  l>e  mftmtp  a n  K-W  dimension  (no  cml  ctrecN). 


CHANG  =  B/A 
OSEPR  =  C/A 


15.  Transmission  through  glazings 

QTRAN  =  KQ1XDN  +  Q INS R) -TR A N’S -G LABS  -t-  (QINDF  +  QINH !•')  - 
DTK  AN  S  *DGI  -A  RS  ]  -TRCO  AT 

(a)  TRAN'S  =  transmission  resulting  from  surface  reflection  losses  only 
TRANS  =  U.5-(Tl  +  T2), 

where  Tl  =  (1  -  Rl)/(l  +  Rl*(2-NGL  —  1)1, 

T2  =  (1  -  R2l/(  1  +  R2*(2*NC;L  -  1)1, 

Rl  =  fSIN(INC  -  ARF.Fl/SINlINC  +  AREF)]-, 

R2  =  [TAN (INC  -  ARF.Fl/TANMNC  -b  AREF)|", 

SIN(ARKF)  =  SINtINO/RINDKN. 

MOL  =  number  of  glazings  in  series,  and 
RINDHX  =  refractive  index  of  glazing  surfaces. 

(b)  GLABS  =  transmission  resulting  from  absorption  in  the  glazings  only* 

GLASS  =  EXP  l  -  EX  *TGL7.  *  NG  L/C  0S(  ARE  F)  1 . 

where  EX  =  glazing  material  extinction  coefficient,  and 
TGI.Z  =  thickness  of  one  glazing  layer. 

(c)  TRCOAT  =  transmission  of  one  glazing  coating. 

(d)  TRANS  and  GLABS  are  for  direct  or  beam  radiation.  An  approximation  to  the 
transmission  for  diffuse  radiation  (DTRAXS  and  DGLABS)  is  found  by  setting  the 
angle  of  incidence  (INC)  to  €0°  in  (a)  and  (b)  above. 

tThe  variable  Gt.ABS  in  \pp«-mlix  0  is  lor, .-mission  lor  a  sinpe  glazing  laser. 


APPENDIX  B 
BASIC  INPUT  DATA  , 

The  basic  input  data  must  be  entered  into  the  program  by  the  INDATA  and  PROP  sub¬ 
routines.  Some  parameters  have  internally  set  "default"  values  (shewn  in  bracket-).  Use  of  the 
units  must  be  consistent;  either  ASilRAE  units  (But.  ft,  h,  °F)  or  S  I.  units  (\V.  m.  s,  °C)  may  lie 
used  with  no  significant  changes.  Frequently,  many  of  the  data  are  calculated  from  other  input 
data  in  the  subroutine  INDATA,  winch  is  executed  at  the  beginning  of  the  problem.  Some  of  the 
data  (such  as  U  values)  may  vary  '.luring  the  problem.  In  this  case  the  data  are  recalculated  m 
the  subroutine  PROP,  which  is  within  the  time  and  iteration  ,oops. 

(A)  Nodes  (I)  — I  values  nut  necessarily  contiguous,  hut  max  I  must  be  <  N'.MAX,  which  is 
currently  50. 

KF(I):  0  for  no  node 

1  for  variable-temperature  node  [0[ 

2  for  fixed-temperature  nude 

T(I):  Node  temperature — initial  values  must  be  specified  for  all  nodes.  For 
fixed-temperature  node-,  i  t  I)  must,  he  specified  t'«r  all  time  step-. 

CPM(I):  Mass-heat  capacity  [heat  capacitance,  M  in  F.q.  (l)j 

S(l)  Heat  source  =  S(l)  +  SP  (I)-T(I)  (01 

SP(!)  See  Eq.  (I) 

(B)  Connections  (-1) — .J  values  should  he  contiguous  starting  with  1. 

NCON.N:  Number  of  mnn-ctions  (Js) 


Il(.ON(.!)|  connected  by  thermal  connection  1 

l2CON(.ljl 

UD(-I)  \  Day  and  night  specific  conductance 

UN(-!)I  values  of  connection 

ACON(J):  Heat  flow  area  of  connection 

U(.I)  is  set  to  UD(.I),  if  TMORN  <  TIME  <  TEVEN;  UN(,J)  otherwise. 
Then  the  conductance  is  CON’D  (11,12)  =  lJ(i)*ACON(J), 
where  Il=IlCON(J),  12  =  I2CON(-J). 


(C)  Solar  heat  sources 

NJS:  Number  of  solar  heat  sources 

ISOI.(J):  Node  number  of  solar  heat  source  J 

TILT(-J):  Collector  tiit  angle  from  horizontal  for  solar  heat  source  J  (dej<) 

WAZIM(J):  Collector  wail  azimuth  of  source  J  (deg) 

ALFA(J):  Receiver  solar  absorptivity  for  source  -J 


AGLZ(.J): 

NGLZyJ): 

OHANGfJ): 

OSEPRpJ): 

TGLZ(J): 

DABS(.I): 


Glazing  area  for  source  J 

Number  of  glazings  in  series  for  source  J 

Overhang  divided  by  glazing  height  (see  Fig.  A  - 1 ) 

Overhang  vertical  separation  divided  by  glazing  height  (see  Fig.  A -1 ) 
Glazing  thickness  (feet  or  meter  per  layer) 

Glazing  diffuse  absorptivity  per  layer 


(D)  Ambient  temperature  nodes 

N.JA:  Number  of  ambient  temperature  nodes 

LAMB(J):  Node  number  of  Jth  ambient  temperature  node 


(E)  Integers 

IC:  Node  number  of  control  node 

IDPF.RYR:  Number  of  days  per  year  [365] 

INDATE:  Initial  date  fur  which  calculations  start — of  form  MMDDYY, 

where  MM  is  month,  DD  is  day  of  month,  YY  is  year 
101 1  Beginning  and  ending  dates  of  hourly  print  and 

102 1  film  plots  (102  is  day  after  last  day)  [OJ 

1PRSM:  Nonzero  for  print  of  all  heat  flow  sums  [01 

rr.MAX:  Maximum  number  of  iterations  per  time  step  [1] 

KADXCL:  =  0  for  no  auxiliary  cooling  (that  is,  no  cooling 

when  TAMB  >  TCMAX)  ( 1] 

^  0  for  auxiliary  cooling 
KCAI.C:  1  for  standard  solution  [Eq.  (3)] 

2  for  simplified  solution  [Eq.  (■!))  (lj 

see  comments  in  PRIME 
KCONU:  0  for  variable  conductances 

1  for  constant  conductances  [0] 

see  comments  in  PRIME 

KOTY:  Flag  for  weather  data  format  (se»  subroutine  DAYDY) 

KDATA:  -  0  for  daily  data  (ambient  temperature,  wind  velocity, 

solar  radiation)  read  from  tape  (TAPED 
0  for  data  from  other  source 


J  (■> 


t 


[01 


KDELT: 

=  0  for  no  subdividin'!  of  basic  time  increment 
^  0  standard  subdividing 
see  comments  in  PRIME 

111 

KF1LM: 

=  0  for  no  film  plots 
e*  0  film  plots 

101 

KHF.DPR: 

=  0  for  no  printout  of  INDATA  information 
^  0  print 

(11 

M0SH1  \ 

Beginning  and  ending  months  of  summer  period 

MOSH2 1 

when  night  insulation  operation  is  reversed  * 

[LUO! 

NDAYl: 

Number  of  sequential  daily  calculations  if  <  NDAY  (MO) 

(32| 

NDAY(MO): 

Number  of  days  in  month  MO  (set  in  data 
statement — it  IDPFRYR  =  oGb,  NDAYi’2)  is  reset  to  29] 

NHOUR: 

Number  of  time  increments  on  each  film  plot  frame 

[1681 

NMAX: 

Max  number  of  nodes,  that  is,  dimension 

[30| 

NMO: 

Number  of  successive  monthly  calculations 

NTIME: 

Number  of  time  increments  per  day:  At  =  t /NTIME, 

where  At  is  time  increment  length  and  t  is  total  number  ot  time 

units  per  day  (DF.LTl  and  TPKRUAY) 

(241 

PRINTD: 

=  0  no  daily  print 

0  daily  print 

(0( 

PRINTH: 

=  0  no  hourly  print 
^  0  hourly  print 

(01 

PRINTM: 

=  0  no  monthly  print 
■£  0  monthly  print 

[01 

UNITS: 

=  1:  Btu,  h,  ft,  °F  (ASHRAE  units) 

=  2:  J.  s,  m,  ‘C  (S  I.  units) 

[1! 

(F)  Heal  variable* 

AI.AT: 

Latitude  of  locality  (deg) 

AS PRAT : 

Specular  retie, -tor  aspect  ratio  (EAV  to  N-Sl 

AZIMC: 

I’yran.  meter*’  "wail  azimuth "  (deg) 

[01 

DI.ONG: 

Local  !>  "..citude  minus  standard  time  meridnn  (deg) 

EX: 

Ext.c.c' a  n  coefficient  of  glaring  materia!  (ft'1) 

lfi.0 1 

FAC: 

1  i:l  Fq.  (2a) 

105) 

FACT: 

Same  FAC  for  heat  flow  integrals 

10.5! 

FCSR: 

View  factor  between  collector  and  s:  ecular  reflector 

[01 

QDNMAX: 

Maximum  direct  normal  insolation  in  direct 'diffuse 
correlation  for  measured  data  (Rtu/h-tV  or  W .'m ' ) 1 1 >  1 7 . 2 
for  UNITS  1,  KMO  for  UNITS  =  2| 

QHCONV: 

Conversion  factor  from  weather  data  insolation 

QICUT: 

Value  of  incident  solar  radiation  below  which  night 

insulation  is  applied  [-1 

x  10*1 

RDIFF(NGL): 

Reflectance  of  gla/mgs  for  X ( ) L  glazings  in  series  for 
diffuse  radiation  tO.Ui,  0.24,  0.20.  0.5:1,  0.;15) 

RF.SNT: 

Resistance  of  night  insulation  on  collector  ’FARtu/h-f:5) 
or  “C/tW/nr) 

RHO: 

Diffuse  reflectivity  of  ground  or  other  externa!  reflector 

[OT  1 

RHOC: 

Same  for  pyrnnomoter 

[0  31 

♦  »-*  njij 

1,-1  r.  TIM  K  >  Tl'.VKN  :md  TIM  it  5  TVOHN  for  winter  petiiM 

♦  rm*?**r  lo'  whuh  ilat  i  .i«n  is  pwn 
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RWOSR: 

RI.NDKX: 

RLNGTH: 

SBCON: 

TEASE: 

TCMAXD: 

TCMAXN: 

TCMIND: 

TCMINN: 

TEVEN: 

TILTC: 

TMORN: 

TOLT: 

TPERDAY: 

TRCOAT: 

TZERO: 


Reflectivity  of  specular  reflector  |U| 

Refractive  index  of  glazings  [l.VJ'i| 

Specular  reflector  length  (N-S)  divided  by  glazing  height  ]0) 

Stefan-Boltzmunn  constant  (1.71  .".2  x  10'"  IJtu/h-lV-’P 
or  5.G7  x  LO'1  W/nP-'C*) 

Base  temperature  for  heating  degree-days  (65°  F  or  ii’C) 

Max  allowable  control  node  temperature  for  tlay 
Max  aliuwable  control  node  temperature  for  night 
Min  allowable  control  node  temperature  for  day  (°F  or  “Cl 
Min  allowable  control  node  temperature  for  night  C’F  or  T I 


Time  at  which  "night"  starts  [17  h| 

Tilt  of  pyranometerf  (degree  from  horizontal)  [0] 

Time  at  which  "daytime"  starts  [7  h[ 

Tolerance  on  temperature  iteration  (°F  or  °C)  [1.0] 


Number  of  time  units  per  day  [  2-1  li/day  or  So  4  Cl)  s/d  ay  | 


Transmission  of  coating  on  inner  surface  of 

inner  collector  glazing  [ L .0 ] 

Difference  between  zero  and  absolute  zero  on 

temperature  scales  [460°  1-  or  27D°C | 


tpyrunuwflvr  for  which  -a father  data  insulation  U  ^jiven. 


APPENDIX  C 

PARAMETERS  IN  COMMON 


All  parameters  in  Appendix  H  are  also  in  COMMON.  Starred  parameters  must  be  generated 
in  DAYLY  (weather  data).  Routines  in  brackets  are  where  parameter  is  calculated. 


A(I.-J) 

Temperature  coefficients  in  Eq.  (3) 

(MAINS 

Hi  1) 

Source  terms  iri  Eq.  (3) 

(MAIN) 

CONDd.J) 

Conductance  of  connection  between  nodes  I  and  J 

K„  in  Eq.  (1) 

[PROP] 

COSDEC 

COS(DEC) 

(DAYLY) 

COSLAT 

COS(ALAT) 

(PRIME) 

COSTC 

COS(TILTC) 

[PRIME] 

DATE 

Integer  date  of  same  form  as  INDATE 

(see  Appendix  B) 

[DAYLY] 

DAY 

Index  of  day  loop  in  main  program 

(integer  day  of  month) 

[MAIN] 

DAY1 

First  day  in  day  loop  (integer) 

[MAIN] 

DAY2 

Last  day  in  day  loop  (integer) 

(MAIN’I 

DD 

Heating  degree  days 

[DAYLY] 

DEC 

Solar  declination  (deg) 

(DAYLY] 

DEGRAD 

jt/ISO— conversion  from  degrees  to  radians 

[MAIN] 

DECT 

Current  time  increment 

|  MAIN  ] 

DELT1 

Basic  time  increment 

[PRIME] 

1H 


ERRT(I) 

FD(I„;.K) 

FN(l.J.K) 

I'HAC 


FSGC 

FSSC 

HRCR1T 

IAIR* 

ID  AY 

IN'DAY 

ISOLX(IH)* 


ITIME 

IXFILM 

,IAIRt 

JCPt 

JCW* 

J  WA* 


KCOOL 


KIC 


KICHNG 

KND 

KSHUT 

KVEN’T* 


Deviation  of  ncide  temperature  between 
successive  iterations 

Coeliictent j  F,,  in  Eq.  (•!)  for  “day"  and  "night” 

K  =  1  for  IC  a  variable-temperature  node;  K  =  2  for  IC 
a  fixed-temperature  nude 

Fraction  oi  DELT  -since  beginning  of  time  increment 

or  Lit  control  mode  change 

View  factor  between  pyranometer  and  ground 

View  factor  between  pyranometer  and  sky 

Hour  angle  at  which  azimuth  is  SO3 

(For  SMW  models)  node  number  of  air  in 

glazing/wall  space 

Day  of  year 

Initial  day  of  month  (from  INDATE) 

Weather  data  time  offset 

(see  equation  for  SUNTIME  in  Appendix  D, 

subroutine  SUNSRC) 

Index  of  time  increment  loop 

Index  of  film  plot  arrays 

Number  of  connection  between  IAIR  and  IC 

Connection  number  of  nonmass-associateri  load 

Connection  number  of  mass-associated  load 

Connection  number  between  mass-wall  surface  node 

and  IAIR.  This  is  -he  first  in  a  sequence  of 

connections  from  the  wall  through  the  glazings  to 

which  glazing  conductance  calculations  are  keyed 

=  0  for  no  night  insulation 

=  1  for  winter  operation 

=  -1  for  summer  operation 

(see  MOSKl,  M05H2  in  Appendix  B) 

Control  node  mode  indicator 

-1  for  T(IC)  at  TC.MIN  limit,  QCIN  >  0 

0  for  TCMIN  <  TOC)  <  TCMAX,  QCIN  =  0 

+  1  for  TOC)  at  TCMAX  limit.  QCIN  <  0 

+  2  for  T(IC)  fixed  for  all  time  (TCMIND  =  TCMAXD. 

TCM1NN  =  TCMAX  N) 

=  0  for  no  mode  change 
=  for  mode  change 
=  1  for  night 

=  2  for  day  (TMORN  <  TIMEX  <  TF.VEN) 

=  KCOOL  for  night 
=  —KCOOL  for  day 

Night  insulation  is  used  if  KSHUT  =  +  1 
=  0  for  no  thermocirculation 

1  for  unlimited  theriaocirculation 

2  for  thermocirculation  with  backdraft  dampers 

A  for  thermocirculation  with  thermostatic  control 


|  MAIN  | 
[PRIME) 


[CONTROLI 
[  PRIME  | 
[PRIME) 
[DAYLY! 


[  IN  DATA  | 
[PRIME,  MAIN  | 
[PRIMH 
[DAYLY] 


[MAIN] 
[MAIN] 
[INDATA] 
|  IN  DATA  | 
[INDATA] 


[INDATA] 


[MAIN] 


[CONTROLI 


[PRIME] 

[CONTROL] 


[MAIN] 
[MAIN  | 


[INDATA  | 


tFor  SMW  nWt*N 


K\V,\LLf 

=  1  for  water  wall  model 
=  2  for  Tromhe  wall  model 

{INDATA  I 

LF(IF) 

Array  of  fixed-temperature  nodes 

[PRIME) 

LT(IT) 

Array  of  all  nodes 

(PRIME) 

LV(1V) 

Array  of  variable-temperature  nodes 

fPKIAIEI 

MO 

Current  month  number  {MO  =  1  for  January,  etc.) 
The  month  loop  index  is  MONTH,  which  always 

goes  from  1  to  NMO 

[MAIN) 

MOl 

Initial  value  of  MO,  from  INDATE 

[PRIME  | 

MTIME 

Number  of  basic  time  increments  from  beginning 

of  problem 

[MAIN] 

KERR 

Number  of  nodes  not  converging 

[MAIN[ 

NT 

Number  of  fixed-temperature  nodes 

NPRI.NPR2 

First  and  last  problem  numbers 

[MAIN] 

NPROB 

Index  of  problem  loop 

[MAIN] 

NT 

Number  of  nodes,  total 

NV 

Number  of  variable  temperature  nodes 

PI 

tr 

(MAIN) 

QACL 

Integral  auxiliary  cooling  of  control  node 

(MAIN) 

QAHT 

Integral  auxiliary  heating  of  control  node 

[MAIN] 

QCt2(J) 

Net  heat  rate  through  connection  J 

{positive  from  node  I'XON(J)  to  node  12CON(J)J 

[MAIN) 

QCIN 

Heat  source  or  sink  applied  to  control  node  to 

maintain  temperature  limits 

(MAINI 

QCINO 

QCIN  from  previous  time  step 

[MAIN] 

QCINT 

Integral  of  QCIN  over  one  time  step 

[MAIN] 

QCON(I) 

Net  heat  rate  conducted  into  node  I 

(MAINI 

QFACO(I) 

Time  rate  of  temperature  change  of  node  I, 

previous  time  step 

[MAIN] 

QHD(IH)* 

Weather  data  insolation  (pyranotneter  data) 

[DAYLYI 

Q  HZ 

QHD(IH)  converted  to  correct  units 

[SUNSRCJ 

QIKC 

Solar  heat  flux  incident  on  collector 
(primary  solar  heat  source) 

[SUN SRC] 

QSP 

Normal,  c-xtraterrestri  tl  solar  radiation 

[DAYLY] 

qsncm 

Net  heat  source  rate  in  node  I 

[MAIN] 

QTRA  N 

Solar  heat  flux  transmitted  through  collector 

glazing(s) 

[SUNSRCJ 

Q\’CL 

Integral  vent  cooling  of  control  node 

[MAIN  J 

QVHT 

Integra!  vent  heating  of  control  node 

(MAIN] 

RCONU)* 

Array  of  constants  generated  in  INDATA  for  use 

in  PROP,  or  just  for  general  use 

[INDATA] 

REMAIN 

Remaining  fraction  of  basic  time  increment 

[CONTROL] 

KHInlH)* 

A  fom"h  weather  data  parameter  (relative 

humidity  in  some  ca.-e.-.) 

[DAYLY] 

SCON(I) 

Sum  of  conductances  (COND)  of  connections  to 

node  1 

(PRIME,  PROP) 

SINDEC 

SFN(DEC) 

[DAYLY) 

SINLAT 

tFor  SMU'  m.-tek 

SIN(ALAT) 

[PRIME) 

[PRIMP.  | 


SINT  C 

SQCONl(I), 

SQCON2(I) 

SQC121(I), 

SQC122(I) 

SQSRCl(I), 

SQSRC2(I> 

TAD(IH)* 

TAMB 

TI3AR 

TCMAX 

TCMIN 

TCOOL 


TIME 
TIMEX 
'I’M  AX 
TMIN 
TO(I) 

U(J) 

VELD(IH)* 

VOLFf 

VR 

tFor  SMW  models. 


SINfTILTC) 

Integrals  of  positive  and  negative  values 
of  QCONiI)  over  time 
Integrals  of  positive  and  negative  values 
of  QCl2(I)  over  time. 

Integrals  of  positive  and  negative  values 
of  QSRCfD  over  time. 

Weather  data — ambient  temperature 

Ambtent  temperature 

Daily  average  ambient  temperature 

Maximum  allowable  control  node  temperature 

Minimum  allowable  control  node  temper,lure 

Threshold  ambient  temperature  above  which  any  cooling 

of  control  node  cannot  be  done  bv  venting.  Now  set 

equal  to  TCMAX 

Time  of  day  in  consistent  units 

Time  of  day  in  hours 

Daily  maximum  ambient  temperature 

Daily  minimum  ambient  temperature 

Node  temperature  from  previous  time  step 

Conductance  per  unit  area  of  connection  J 

Weather  data — wind  velocity 

Therrnocirculation  volumetric  flow  rate 

Two-digit  year  number 
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[MAIN] 

(MAIN'I 
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fSUNSRCI 
[Daylyi 

[MAIN  | 
(MAINI 


[MAIN] 

[MAINI 

[MAINI 

[DAYLYI 
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[MAIN! 

[PROP| 

[DAYLYI 

[PROP! 

[DAYLYI 
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